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ABSTRACT 



Central to this dissertation is an attempt to investigate 
whether or not a single-sex environment has a positive impact upon girls' 
attitudes and beliefs, as they pertain to the learning of mathematics. All 
learners of mathematics are enveloped by the social practices pertaining to 
both mathematics and society at large. Underlying these social practices are 
a multiplicity of environmental and learner- related variables that may result 
in a differential and discriminatory experience for girls. Each of these 
variables has to be identified, understood, and acted upon in an attempt to 
combat these discriminatory forces. This dissertation focuses on one major 
component of the learner- related domain- -that of affect. Based upon existing 
research and theoretical analyses, this study attempts to identify important 
affective variables and the role that they play in the learning of 
mathematics. An investigation into these affective components, as they 
pertain to girls educated in a single-sex and in a co-educational environment 
in Bermuda, has been carried out. Data were collected through the use of a 
questionnaire and subjected to quantitative analyses. For the sample used, 
the co-educational environment may lead to a degree of affective impairment 
for girls, particularly with regard to confidence. Additionally, the more 
positive affective profiles of the single-sex educated girls should become 
the .reference point for further analysis, thus annulling the view that girls 
are somehow deficient. The classroom situation cannot be seen in isolation; 
instead, investigations pertaining to mathematics and gender should account 
for gender- specif ic norms and values that are reinforced and promoted by 
elements contained within the wider socio-political domain. (Contains 118 
references.) (Author/ASK) 
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Central to this dissertation is on attempt to investigate whether or not o 
Single-Sex environment has a positive impact upon girls' attitudes and beliefs, os they 
pertain to the learnir^ of mathematics. It is argued that all learners of mathematics 
ore enveloped by the social practices pertaining to both mothemotics and society at 
large. Underlyir^ these social practices ore a multiplicity of environmental and 
learner-related variables that may result in a differential and discriminatory 
experience for girls. It is proposed that each of these variables has to be identified, 
understood, and acted upon in an attempt to combat these discriminatory forces. 

This paper focuses on one major component of the learner-related domain — that of 
affect. Based upon existing research and theoretical analyses, this study attempts 
to identify important affective variables and the role that they ploy in the learning 
of mathematics. An investigation into these affective components, as they pertain to 
girls educated in a sir^le-sex and a co-educational environment in Bermuda, has been 
carried out. Data were collected through the use of a questionnaire and subjected to 
quantitative analyses. The dissertation finds that, for the sample used, the co- 
educational environment may lead to a degree of affective impairment for girls, 
particularly with regard to confidence. Additionally, it is Suggested that the more 
positive affective profiles of the sirgle-sex educated girls should become the 
reference point for further analysis, thus annulling the view that girls are somehow 
deficient. It also proposes that the classroom situation cannot be seen in isolation: 
instead, investigations pertaining to mathematics and gender should account for 
gender-specific norms and values that are reinforced and promoted by elements 
contained within the wider socio-political domain. 
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Ifitroductioffi. 



A brief overview of the key elements of the study of gender and the learning 
of mathematics is given in this introduction. From this, an indication of the rationale 
for focusing on the affective domain is developed. The aims and significance of this 
investigation are also outlined. All of these elements are expanded upon in later 
chapters. The main hypothesis statement and definitions of key terms, utilized 
throughout the text, are also included. 

Burton (1986) informs us that girls’ poor participation and achievement rates 
in mathematics became an issue, particularly in the United States of America, during 
the 1960s. Since that time, a considerable amount of research has been carried out 
in an attempt to understand and, thereby, alleviate the obstacles encountered by 
women and girls in this area. For some time, replicable differences, of moderate 
magnitude, favouring boys in tests of mathematical attainment have been discerned 
(Maccoby and Jacklin, 1974; Benbow and Stanley, 1980; Dossey et. al., 1988; 

Moccoby, 1990; Wilt et. al., 1991). 

Such a situation has serious implications for females and, consequently, for 
Society as a whole, because of the importance that is placed upon success within this 
field of study. Mathematics, as Sells (1973) points out, can be seen as a ' critical 
filter', whereby the pursuits of an individual, in the realms of vocational, leisure and 
academic activities, can be constricted by a lack of mathematical knowledge; thus, 
this apparent ’female’ impairment is clearly an issue of considerable concern. 

As we shall See, a great deal of research has been undertaken in an attempt 
to find explonations for gender differences in the leornir^ of mathematics. 
Increasingly, this research has emphasized the role that social processes ploy, a 
position illustrated by Ernest (1994), who suggests that "girls' differential 
experiences . . . constructs them as gendered learners." (page 56). 
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This claim is based on the view that the learner of mathematics is enveloped 
by the Social practices pertaining, not only to mathematics, but also to society at 
large. Consideration will be given to those environmental variables that may underlie 
these social practices; for example, the school, the peer group, wider society, the 
teachers, and parents. 

It will be claimed that no single environmental variable alone will determine a 
student's success or failure, but, instead, that these variables operate in a complex 
network. Consideration will also be given to the reciprocal interaction between the 
individual and the components that comprise the environment in which he or she is 
enveloped. 

Internal to these individuals are what con be described as learner-related 
variables. These include those within the cognitive and the affective domains. When 
these learner-related variables are considered in conjunction with the environmental 
variables, a network of inter-relationships can be envisaged that takes on 
considerable complexity. 

Each environmental and learner-related variable that may help mediate 
differential experiences for girls has to be identified, understood, and, where 
appropriate, acted upon by those responsible for the provision of mathematics 
education. 

Central to this dissertation is one major component of the learner-related 
domain — that of affect. Based upon existing research and theoretical analyses, 
important affective elements are identified and the role they play in the learnir^ of 
mathematics is discussed. These elements include confidence, the usefulness of 
mathematics, mathematics as a male domain, ottitude toward success, and 
attributional Style. The term ‘student affective profile' is utilized to describe the 
students' beliefs and attitudes as they relate to these components. Further 
consideration is given to existing theory and research in an attempt to determine 



those attitudes and beliefs, pertainir^ to these affective components, that may 
contribute positively to student success in the learning of mathematics. Students 
displaying a tendency towards these attitudes and beliefs are described as having a 
more 'positive affective profile'. 

An investigation is carried out centered upon the following 
hypothesis: 

'With regard to the Study of mathematics, girls educated in a single- 
sex environment display a more positive affective profile than their 
female contemporaries from a co-educational background.' 

The findir^S reported in the research literature are compared with those 
obtained in this investigation. Consideration is also given to possible wider 
implications of the affective profiles displayed by the students in this study. 

It should be noted that the significance of this investigation con be seen from 
two perspectives. From a broad, i.e. international, perspective, the very fact that 
girls and women are being discriminated ogainst justifies all efforts at investigation 
in itself; however, there are also components that are significant locally. Whether or 
not the single-sex environment available in Bermuda contributes positively to the 
girls' affective profiles, when compared with the co-educational alternatives, is 
important. Additionally, as the head of the mathematics department at the only 
remaining all-girls school in Bermuda, it is important that I am able to discern, not 
only what constitutes a positive affective profile, but also to what degree the girls 
within the school are aspiring to that profile. Based upon this information, steps con 
be taken towards affective enhancement where necessary. 
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Chapter 1: Sender-ReSated Attainment Differences 

in Mathematics. 



The taste for the abstract sciences in general and, above all, for the 
mysteries of numbers is very rare; this is not surprising, since the 
charms of this sublime science in all their beauty reveal themselves 
only to those who have the courage to fathom them. But when a 
woman, [who] because of her sex, our customs and prejudices, 
encounters infinitely more obstacles than men in familiarizing herself 
with their knotty problems, yet overcome these fetters and 
penetrates that which is most hidden, she doubtless has the most 
notable courage, extraordinary talent and superior genius. 

6auss (quoted in Leder, 1992, page 597) 

In the light of the fact that 6auss made this observation in 1807, it is quite 
clear that the suggestion of a gender-related problem in the learning of 
mathematics is not a new one. In this chapter, the nature and extent of this problem 
will be considered from the perspective of gender-related differences on tests of 
mathematical attainment. Research and theoretical analyses from several countries 
will be discussed and consideration will be given to the situation as it pertains to 
Bermudian high school students. 

From their research with high school students in the United States, Maccoby 
and Jacklin (1974) concluded that some replicable differences exist, of moderate 
magnitude, fovourir^ boys in tests of mathematical achievement. Since that time, 
Maccoby (1990) informs us, the research into gender differences has become more 
sophisticated, particularly in the use of meta-analyses that reveal, not only the 
direction of gender differences, but also quantitative estimates of their magnitude. 
She goes on to contend that much of this more recent research continues to confirm 
the direction of gender differences in favour of boys. There is evidence to suggest, 
however, that this is becomir^ increasir^ty less pronounced; for example, the 
American Association of University Women (1992) notes that "meta-analyses 
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comparing recent research with studies done in 1974 indicate a significant decline in 
gender differences." (page 24). 3uch a view is supported by the research findings of 
Baker and Jones (1993), in which they compared data on mathematical achievement 
from the 1964 First International Mathematics Study (FEMS) with those of the 
1982 Second International Mathematics Study (SIMS). From their analysis of 
eighth-grade students in nine countries, they found that in 1964 only Israeli females 
surpassed their male counterparts on measures of mathematical performance. By 
1982, these gender differences had declined in all but one of the nine countries, and 
females from Belgium, Finland, Sweden, and the United States were now surpassing 
their male contemporaries. Other researchers who report declines in gender 
differences in mathematical performance include Friedman (1989) and Penfold 
(1991). 

There is evidence to suggest that the prevalence of gender differences in 
tests of mathematical achievement increases with the age of the students, bossey 
et. al. (1988), for example, give details of the 1986 research carried out by the 
Notional Assessment of Educationol Progress at Educational Testing Service. In 
their survey of 34,CXX) North American students, they found that gender 
differences in mathematics performance at the primary level was not significant, 
but a slight difference in favour of boys wos detected for students of age 17. 
Similarly, from her wider analysis of research carried out in the United States, 
Australia, and Britain, Leder (1990a) concludes that there are few consistent 
gender-related differences in performance in mathemotics at the primory school 
level. She goes on to indicate, however, that there is "a substantial body of evidence 
to Suggest that, from the beginning of secondary schoolir^, males frequently 
outperform females in mathematics." (page 13). This view is also supported by 
Shuard (1986), who conducted research on behalf of the Cockcroft Committee into 
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differences in mothematical performance between girls and boys in the United 
Kingdom. 

The research of Baker and Jones (1993), referred to earlier, also tends to 
support the contention that gender differences are less prevalent among younger 
students, particularly when viewed in conjunction with the work of Hanna, Kundiger 
and barouche (1990), who also analyzed the 1982 SIMS data. Their focus was on 
grade 12 students from fifteen countries, in which responses to questions pertainir^ 
to seven areas of mathematical study were analyzed. Where gender-related 
differences were found for these older students, they were consistently in favour of 
boys. It was only in one country, Thailand, that no significant difference was found 
on all seven mathematical areas. Interestingly, the results from Belgium and Finland 
suggest a considerably higher level of performance by their grade 12 boys, which 
appears to be in contrast with the findings for their grade 8 students, reported by 
Baker and Jones (1993). 

It is apparent from the works of Baker and Jones (1993) and Hanna, Kundiger 
and barouche (1990) that the degree of difference between male and female 
students varies considerably across countries and across different areas of 
mathematical study, beder (1995), from her meta-analysis of cross-cultural data, 
confirms the generality of the findings that "some performance differences, 
typically in favour of males, continue to be reported." (page 213). It is clear that 
such a generalization, as Isaacson (1989) points out, is and continues to be a cause 
for concern internationally. 

No formal analysis of gender differences in student performance in 
mathematics has been carried out in Bermuda; however, the Department of 
Education has made the 1995 Bermuda Secondary School Certif icate (BSSC) 
examination results available for this investigation. The BSSC is taken by all 
students in the Government schools. The examination can be taken at one of three 



levels: the Traditional level, which is regarded os 'academic' and is based upon the 
University of London GCE, syllabus B: the less academically rigourous Commercial 
level, which focuses on business mathematics, although some geometry and algebra 
have recently been introduced; and the General syllabus, which is designed for those 
who experience difficulty with the subject. Table 1 details the 1995 grade 
distributions for the three levels of the Year 5 BSSC, by gender. 

Table 1: 1995 grade distributions for Year 5 BSSC examinations, by gender. 





Traditional Ai 


\othematics 






Percentage of Exam Group 


Percentage of Year group 


Grade 


Boys 


Girls 


Boys 


Girls 


A 


24.3 


18.1 


8.1 


7.4 


B 


21.4 


13.8 


7.1 


5.6 


C 


50.0 


50.0 


16.7 


20.3 


D 


1.4 


11.7 


0.5 


4.8 


E 


2.8 


6.4 


1.0 


2.6 


Total Percenters of Year Group 


33.4 


40.7 







Commercial / 


\Aathematics 




A 


9.1 


9.4 


4.3 


4.8 


B 


8.1 


9.4 


3.8 


4.8 


C 


37.4 


34.2 


17.6 


17.3 


0 


15.2 


21.4 


7.1 


10.8 


E 


30.3 


25.6 


14.3 


13.0 


Totol Percentage of Year Group 


47.1 


50.7 







General Mathematics 




A 


0.0 


0.0 


0.0 


0.0 


B 


0.0 


0.0 


0.0 


0.0 


C 


36.6 


0.0 


7.1 


0.0 


0 


36.6 


35.0 


7.1 


3.0 


E 


26.8 


65.0 


5.2 


5.6 


Totol Percentoge of Year Group 


19.4 


8.6 



Before analyzir^ these results, it is importont to consider their limitations. 
This data is the single largest measure of attainment in mathematics for students in 
Bermuda. The results pertain to 441 students in their final year of high-school, 210 

boys and 231 girls. This represents approximately 75% of all students in this age 
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group, the remoinir^ 25% attending schools outside the government system. The fact 
that students from independent schools do not take this examination and are, 
therefore, not included in this data, suggests that it may be subject to 'selectivity 
bias', whereby non-school factors, such as socioeconomic background, affect choices 
made by families in regard to the school that they select for their children. Thus, 
the degree to which these results pertain to island-wide attainment patterns in 
mathematics for this age group, is open to question. Although these results arc the 
most recent available, it would be unwise to si^gest that any achievement patterns 
discerned arc representative of what may be expected in other years; hence, the 
following analysis should be treated with caution. 

From the results, it can be seen that 40.7% of the girls took the Traditional 
level examination compared with only 33.4% of the boys. The majority of candidates 
for this examination come from the two 'academic' schools, where students arc 
selected by means of an examination in Er^lish and mathematics at age 11. For many 
years, the number of girls gaining places in these schools has surpassed thot of the 
boys. This may, therefore, explain why more girls than boys take the Traditional 
level and fewer take the ^neral level examination. It should be noted that the level 
of examination selected for each student is determined by past examination 
performance and teacher recommendation. 

Despite the fact that more girls in this sample took the Traditional 
examination, they did not obtain as many A and B grades as their male 
contemporaries — 13% of girls and 15.2% of boys. This pattern of results may have a 
negative impact with regard to girls' opportunities for higher educotion in Bermuda 
because it is these grades that are considered by the Bermuda College as pre- 
requisites for admission to their associate degree programme. 

The distribution of the grades for the middle level Commercial examination 

are fairly similar for both genders, although 1.5% more of the girls in the year group 
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obtained grades in the A/B range for this examination. Once again, however, the 
representation of the girls in this examination was higher than that of the boys — 
50.7% versus 47.1%. 

For the General level examination, neither gender was awarded grades in the 
A/B range, and, in the case of the girls, only D‘s and E's were obtained; however, 
only 8.6% of the girls took this examination compared with 19.4% of the boys. 

In summary, if the results are considered across all three BSSC levels, then, 
for this sample, there do appear to be gender-related differences in mathematics 
attainment, in that the distribution of the results for the girls is more leptokurtic in 
nature than that of the boys. Thus, more girls are tendir^ to achieve grades in the 
middle of the distribution, whereas boys are represented more highly at the very 
highest and at the very lowest levels of attainment. The larger proportion of boys 
represented at the highest grade levels is particularly noteworthy, as this situation 
appears to replicate findir^s in the wider international context. Leder (1990a), for 
example, reports that studies carried out in the United States, the United Kingdom, 
and Australia indicate that a significantly higher number of boys obtain the top 
grades in tests of mathematical performance. 

The Bermudian students who comprise the subjects of this investigation will 
take three widely used external examinations. In their fourth year of high school, 
they take the North American Preliminary Scholastic Assessment Test (PSAT), 
followed by the Scholastic Assessment Test (SAT) in year 5. Also in year 5, they will 
take the United Kingdom baSed General Certificate of Education (GCSE). It is 
appropriate, therefore, to consider the research carried out with regard to gender- 
related performance on these examinations. 

Despite the apparent convergence in achievement for boys and girls, Sadker 
and Sadker (1994) report that, for the PSAT and the SAT, the most important and 
widely administered North American tests, the gender gap remains disturbir^ly 



apparent. They detail the 1991-92 results, in which the number of males obtaining 
scores in the top categories for PSAT was 18,000, outstripping their female 
contemporaries by over 10,000. This is despite an attempt by the developer of the 
test. Educational Testify Service (ETS), to reduce this gender gap by giving twice 
the weight to verbal performance scores, an area that it perceives as a traditional 
‘female’ strength. 

The PSAT is on important element of the North American education system 
because the results ore used to select winners of the prestigious National Merit 
Scholarships (for which two out of three semi-finalists are male), and many states 
and colleges use them as a basis for awarding their own scholarships. In addition, as 
Sadker and Sadker (1994) point out, "the PSAT serves as an early indicator of the 
winners and losers in the great SAT contest soon to follow." (poge 138). 

Despite being a major critic of the SAT, Owen (1991) acknowledges the 
important role that it plays in the education system of the United States, pointing 
out that "virtually all the notion’s most selective colleges — and a great many less 
selective ones — require their applicants to Submit SAT scores." (page vii). 
Furthermore, several employers require recent college graduates to submit these 
scores when applying for jobs, despite the illegality of this practice. 

Serious implications arise from these requirements as they pertain to girls, 
because on a scale of 200 to 8(X), males typically outscore females by several points 
on the mathematics section. This is illustrated by the most recent results, detailed 
by the College Entrance Examination Board and Educational Testir^ Service (1996). 
For the mathematics section of the test, the 1995 results show average scores of 
490 and 525 for girls and boys respectively, with each group rising by 2 points in 
1996 to 492 and 527 respectively; thus, the boys maintained average scores that 
were 35 points higher than their female contemporaries. 



The College Entrance Examination Board and Educotional Testing Service 
(1990) maintain that their tests are a common measure of student performance. 
Furthermore, they contend that lower female scores are not a function of the test 
but a function of the different educational experiences that boys and girls receive, 
and are, therefore, indicative of a real educational problem (cited in Sadker and 
Sadker 1994, page 155). There are several critics who question this claim of 
objectivity; for example Owen (1985), Bridgeman and Wendler (1990), McCornack 
and McLeod (1988), Wainer and Steinberg (1990), and Horfier and Sammons (1989). 
In addition, they suggest that the contribution that these tests make to a 
discriminatory environment cannot be ignored. 

It is clear then that the lower scores being achieved by girls may lead to 
reduced educational and vocational opportunities. 

In the United Kingdom, where the GCSE examination is based, trends similar 
to those in the United States have been identified with regard to gender 
differences in mathematics performance. The facts that boys perform on average 
better than girls and that fewer girls than boys engage in mathematics at school and 
beyond have been well documented: for example, Cockcroft (1982), the Royal Society 
and the Institute of Mathematics and its Applications (1986), the Open University 
(1986), and Mills et. al. (1993). 

Additionally, the Assessment of Performance Unit (1988) found that the 
Superiority of boys develops during secondary schooling and "that there is no 
difference in performance between the sexes at age 11, or even that girls are ahead 
of boys at that age." (page 22). They also indicate that "where differences are 
found, the clearest differences between boys and girls are amorist high attainers 
(the top 10-20 percent)." (page 23). The Department of Education and Science 
(1988) also notes signif icont improvements in the mathematical attainment of girls 
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and this appears to continue to be the case, as is illustrated by the 6CSE/6CB/CSE 
results represented in the graph below. 



Figure 1: Graph illustrating the percentage of girls and boys obtainic^ fii-C 
grades or equivalent in mathematics at 6C5E/GCE/CSE. 




Sorce: Department of Education and Science (1982-94), Annual Reports of 



Statistics of Education Public Examinations CSE/GCE/6CSE. 

These results tend to indicate that the problem of lower female attainment, 
as measured by these examinations, is diminishir^ but is not necessarily eradicated. 
While a gender difference exists, it will continue to be problematic, in that it has 
wider implications for women in society — as we shall see. 

In the next chapter, consideration will be given to the research into possible 
explanations of gender-related differences in mathematics performance. 
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2: Review of Research mto ^rtder-Rebted 
Differences in Mathematics ^ttairimeiit. 

In this chapter, it will be argued that there has been a shift away from 
biological explanations of gender differences in mathematics achievement towards 
explanations that incorporate both environmentol and learner-related variables. This 
movement will be discussed in terms of changes in the philosophical foundotions of 
the research. From this philosophical analysis, the role that affect might ploy in the 
generation of gender-related differences in mathematics achievement is theorized. 
It is proposed that this theoretical position lends justificotion to the investigation 
of the affective domain in an attempt to address the problems encountered by 
females in their study of mathematics. 

A Biological Perspective . 

An extensive body of literature was developed during the 1960s and 1970s 
that proposed possible biological factors as being responsible for gender differences 
in the learning of mathematics. Sharmon points out that some of these theories have 
centred on a "recessive gene on the X-chromosome, the role of sex hormones, and 
differences in brain lateralisation." (quoted in Ernest 1994a, page 28). In addition, 
some research has focused on differences in spatial visualization; for example, 
Eddowes suggests that boys display a superiority in spatial and mechanical tasks in 
the primary years and that this gives them a firmer foundation for mathematics and 
science at the secondary school level (cited in Burton 1986, page 23). 

These biological explanations contrast with the findings of several 
researchers who reject this view on the grounds of oversimplification and lack of 
evidence; for example, Fenncma and Sherman (1977), Burton (1986), Tatrc (1990), 
and Leder (1992). Shuard (1982) de-emphasizes the issue of Spatial visualization on 
two counts: firstly, that its link with mathematical ability is not fully understood; 
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and, secondly, by rcferrir^ to the 1967 findings of Husen, which si^est that gender 
differences in mathematical attainment vary across different countries, thereby 
suggesting that other factors may impact upon attainment. This latter view is 
supported by the more recent research of Baker and Jones (1993) and Hanna, 
Kundiger and barouche (1990), details of which were discussed earlier. 

Mahony (1985) brings an interestii^ critical perspective to the biological 
argument and states: 

In order to create social division between two groups some actual 
difference is needed as a legitimatir^ explanatory category. Biology 
and difference in biology, far from explaining differences in 
behaviour between boys and girls, is used to give legitimacy to them. 

Gender differences do not flow naturally from biology but must be 
seen os rooted in politics. The appeal to biology is merely an excuse 
and as such must itself be seen as part of the rational izie^ of the 
politics of male domination. 

Mahony (1985, page 64). 

Benbow and Stanley (1980) co-authored a paper in which they expressed a 
preference for a genetic explanation of the differences in mathematical precocity. 
This, as Tobias (1993) points out, revitalized the notion of the existence of a 'male 
math gene' , a notion that was taken up and widely promoted by the American popular 
press. An inieresiing response was elicited, however, from Egelman et. al. (1981), in 
which they state: 

An underiyir^ fallacy ... is the notion that, if a trait is under genetic 
control, the expression of that trait is immutable . . . One has only to 
consider something as simple as the height of wheat to realize that a 
particular genetic strain of wheat will yield different ranges of 
height in different environments. A determination of the height in 
one environment will tell one nothing about the height in a 
substantially different environment. 

Egelman et. al. (1981, poge 116). 
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This view leads to the contention that other factors should be investigated 
when considering the differential levels of achievement in the learning of 
mathematics, as related to gender. 

A Broader Perspective: Environmental and Learner-Related Variables . 

A multiplicity of environmental and learner-related factors has been posited 
in the vorious models and explanations contained within the literature on gender 
differences in the learning of mathematics. Upon examining a selection of these 
models, Leder (1992) concludes: 

The various models described share a number of common features: 
the emphasis on the social environment, the influence of other 
significant people in that environment, students' reactions to the 
cultural and more immediate context in which learning takes place, 
the cultural and personal values placed on that learnir^ and the 
inclusion of learner-related affective, as well as cognitive variables. 

Leder (1992, page 609). 

Table 2 summarizes the component factors inherent within the environmental 
and learner-related variobles that Leder (1992) discerns as beir^ of importance in 
attempts to onolyze differences in the learning of mathematics. 

Table 2: Environmental and learner-related variables considered important 
In the analysis of gender differences in the learning of mathematics. 



Environmental Variables 


Leomer-Retated 

Variables 


School 
Teachers 
Peer Group 
Wider Society 
Parents 


^gnitive Variables: 
Intelligence 
Spatial Abilities 


Affective Variables: 
Confidence 
Fear of Success 
Attributions 
Persistence 



It Is acknowledged by many researchers, Leder (1992) and Shuard (1982), for 
example, that these component factors do not function In isolation. As Leder (1992) 
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states: "an implicit thread running through the review [of the research] is the link 
between the different components selected and the reciprocal interaction between 
factors in the environment and the individuals who function in it." {page 610). 

A Philosophical Shift . 

In reviewing the various theoretical models and explanations that have been 
proposed to account for the observed gender-related differences in mathematical 
attainment, Dunne and Johnston (1994) summize that three dominant stands can be 
identified, each determined by its underlying philosophical foundations. They relate 
these strands to the work of Habermas, who identified three knowledge constitutive 
interests: technical, practical and emancipatory. In turn, Grundy applies these terms 
to the educational domain by suggesting that "these interests constitute three types 
of science by which knowledge is generated and organized in our society. These 
three ways of knowing are empirical-analytic, historical-hermeneutic and critical." 
(quoted in Dunne and Johnson 1994, page 223). 

When categorizu^ research, a degree of flexibility is required; for example, 
Dunne and Johnston (1994) take a valid critical position "which centres on the 
absence of an explicit recognition of the politics of knowledge constitution in the 
technical and practical positions." (page 223). It should be recognized, however, that 
the practices and techniques adopted by researchers working from these positions 
can also generate valuable knowledge that con only be enhanced when subjected to 
the rigours of anolysis from a criticol perspective. 

A valuable component of categorization is that it facilitates the identification 
of philosophical shifts in the foundations of the research. The movement away from 
biological investigations towards more social explanations for gender differences in 
mathematics attainment is characterized by on accompanying philosophical shift. 
Dunne and Johnston (1994) describe this in Habermas’ terms as from those 

determined by technical interests to those representative of practical interests. 
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They also note o parollel shift in terms of the research methodolt^ies that tend to 
be adopted, from those of o quantitative nature to a more qualitative approach. 

The importance of this shift lies in the recognition of the environmental 
context as a contributory mediator of gender differences; thus, in brood terms, 
there is a drift away from focusing upon what the learners ore bringing to their 
environments, via their innate abilities, to focusing upon the influence that these 
environments have upon the development of the learners contained within them. As 
Ernest (1991) points out, the implication of such a perspective for the learners is 
that they are far more comparable at birth than after years of socialization; "thus 
'abilities' are conferred on students by their experiences." (pag& 208). 

Dunne and Johnston (1994) go on to argue that the 'critical' position 
espoused by Habermas provides a more powerful platform for the development of 
research in this field than those of the technical and practical positions. They 
contend that; 

Through a critical analysis, the social and political contexts which 
circumscribe the production of knowledge are made explicit and are 
recognized for the constitutive role they play in the production and 
validation of knowledge. This is the case for both the arena which is 
being researched and for what counts as research. 

Dunne end Johnston (1994, page 224). 

Lather extends Habermas' framework in her discussion of research 
methodologies by suggesting a fourth position related to post-structuralism (cited in 
Dunne and Johnston 1994, page 223). Welkerdine end the Sirls end Mathematics 
Unit (1989) illustrate this position by applyii^ the post-structuralist theory of 
Foucault end others in their analysis of gender differences in mathematics. They 
espouse the view that "no real human subject exists prior to the social practices 
within which she is subjected." (pc^ 206). Furthermore, they go on to si^est, 
these social practices derive from on overpowerir^ ideology that encompasses 
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sexism in both society and mathematics, and the myth of male superiority in 
mathematics. By the same argument, it can be assumed that, as constituents of the 
learners' social practices, the environmental and learner-related variables identified 
eorlicr are enveloped by this overpowering ideology, therefore contributir^ to 
gender differences in the learning of mathematics. 

The Reproductive Cycle of Sender Inequality . 

McCormick (1994) suggests that gender stereotypes are views held about 
moles or females that are based on assumptions which are often exaggerated and 
inaccurate (either favourable or unfavourable). They are prejudiced thoughts or 
beliefs that may have very little correspondence with reality, yet they are used to 
describe all members of a sex. She goes on to argue that commonly accepted sex 
stereotypes can drive and perpetuote a cycle of sexism. She contends that: 

The assumptions underlying the stereotypes manifest themselves in 
different expectations for treatment of boys and girls in the 
classroom and this negatively affects their ability to achieve their 
full potential. 

McCormick (1994, page 45). 

All of the environmental variables outlined in Table 2 — the schools, the 
teachers, the peer group, the parents, and wider society — are potential agents of 
sexism within this cycle. The individuals who comprise these component groups con 
either reinforce or undermine the cycle of sexism. Unless teachers, for example, 
challei^e the assumptions underlying gender stereotypes, their students, as adults, 
may continue to model traditionol functions at home and in the workplace. Thus, the 
perpetuation of these traditions might, in turn, reinforce the prejudicial assumptions 
that are held about the appropriate roles for men and women, thereby maintainir^ a 
cycle of sexism. 

Gender stereotyping also ploys a role in the cycle of sexism proposed by 

Ernest (1991), in which he encompasses both the socio-political realm and the 
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educational realm as it pertains to mathematics education. This is illustrated in 
Figure 2 below. 

Figure 2: The reproductive cycle of gender inequality in mathematics 
education. 

Bdueationa! Realm Socio-Political Realm 



Lack of equal opportunities 
in leoming maths 

/ 

Girls’ perceptions of mathematics 
and own abilities in mathematics 



^ Gender stereotyping 




Reproduction of gender 
inequality In society 



, \ 

Girls' lower examination attoinments 
and participation in mathematics 



/ 

^ Women getting 
lower paid Jobs 



Source: Ernest (1991, page 276). 

John Ernest, an early pioneer in the field of gender and mathematics, also 
explained the conclusions of his research by way a cyclical model. These conclusions, 
as detailed by Tobias (1993), suggest that: 

Society expects males to be better than females at mathematics. 

This affects attitudes; attitudes affect performance; performance 
affects willingness to study more mathematics; and, eventually, males 
do better than females. 

Tobias (1993, page 74). 

Figure 3 illustrates these findings. 
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Figure 3: A cyclical model of the conclusions of the research of John Ernest. 



Societal Expectations: 

Boys arc better than girls at mathematics 



Boys outperform girls 
in mathematics 





Undermines girls‘ attitudes 
to mathematics 




Undermines girls’ persistence 
in mathematics 



Undermines girls* performance 
in mathematics 



o 

ERIC 



The two cyclical models pertainir^ to mathematics explicitly incorporate 
affective components. Figure 2 includes girls' perceptions of mathematics and their 
own abilities in mathematics, and Figure 3 proposes a link between societal 
expectations and girls' attitudes towards mathematics. Both models, therefore, 
suggest that affect can play a contributory role in the perpetuation of the cycle of 
gender inequality in mathematics. It would seem, then, that the investigation of the 
affective domain may be justified as one possible route throi^h which attempts can 
be made to address these problems of inequality. 

Addressing the Cycle of Sender Inequality in Mathematics. 

All people ... in a school system have a responsibility for stopping the 
cycle of sex-stereotyping and sexism. Since sexism has been ingrained 
in us for centuries, breaking this barrier and choiring the system so 
that it is equitable will not be swift or easy. Such charge in schools 
requires group effort by all educators, not just women. Sexism is a 
human problem, not a woman's issue. 

McCormick (1994, page 47). 

As can be seen from Figure 2, the cycle of inequality encompasses components 
from the broader socio-political realm as well as from the educational realm. This, 
then, places the problem of gender-related differences in the learning of 
mathematics within society as a whole, not just within the educational domain. 
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However, as Ernest (1991) points out, if we are to address the problem of inequality, 
"any would-be solutions must be multiple, attacking each stage of the transmission in 
the cycle ..." (page 275). 

Parker et. al. (1995) si^gest that the teachers of mathematics have a key 
role to play in the translation of gender-equity policy into gender-equitable 
practices. These teachers are in a position to influence several of the components of 
the cycle of gender inequality, thereby enabling them to help free their students 
from this cycle. In turn, this freedom may help provide the opportunity for these 
students to develop more fully their academic, personal, and occupational potentials, 
and to explore a variety of options that may previously have been closed to them. 

The motivation behind the development of this investigation is to understand 
the affective components that relate to girls' perceptions of their own 
mathematical abilities: thus providing an informed basis from which an attack upon 
this component of the cycle of gender inequality can be launched. 
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|Chapt@i« 3: An Incfsas® m ^@s@a8xh F®cys m th@ Affective 
I Domem. 

In this chapter, it will be ai^ued that a philosophical shift pertaining to 
beliefs about the nature of mathematics and developments in psychological learning 
theory have resulted in a growing consensus amongst researchers that affective 
components may ploy a part in producing gender-related differences in mathematics 
achievement. 

An Increasing Recognition of the Importance of Affect. 

The students arc a major part of [a school's mathematical] 
environment. The attitudes and beliefs that students hold about the 
subject and about themselves as learners of mathematics contribute 
as much to that environment as do the concrete and cognitive aspects 
of mathematics. It is not likely that students will be highly motivated 
to persist in the study of mathematics if little attention is given to 
the development of their attitudes and beliefs about mathematics 
(their mathematical affect). A mathematical environment cannot be 
considered to be healthy if any one of its individual components is not 
functionirg to its full potential. 

Blum-Anderson (1989, page 3). 

The role that the affective component plays in gender-related differences in 
mathematics achievement has increasir^ly become the focus of research. This is 
illustrated by the recent work of Ma and Kishor (1997), who carried out a meta- 
analysis to integrate and summarize the findings of no less than 113 primary studies 
in this field. (Their findir^s will be referred to in a later section). 

Seegers and Boekaerts (1993) si^gest that the increased focus of research 
on the affective domain is due to a growit^ consensus among researchers that 
differences in mathematical attainment cannot be explained as Solely the result of 
differences at the cognitive level. They further espouse the view that "an adequate 
explanation has to account for complex interactions amor^ cc^nitive, affective and 
motivational variables." (page 133). 
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A Philosophical Shift. 

It may be that a philosophical shift pertaining to beliefs about mathematics 
os 0 subject underlies this growirg consensus. In recent years, several feminist 
theorists, Damorin (1995) and Campbell (1995), for example, hove charged that 
mathematics is mole-centred in both its content and processes; that is, that the 
discipline is a product of masculine thinkir^. Noddir^s (1996) points out that these 
theorists contend that the highly abstract nature of traditional mathematical 
thoi^ht is a masculine artifact and, thereby denies the social nature of 
mathematics. By separating mathematics from its social settings and cultural origins, 
a constrained view of the discipline has been created that incorporates infallibility, 
noncontingency, austerity, and absolutism. TT»us, as Ernest (1994a) suggests, 
mathematics is widely perceived os "difficult, cold, abstract, theoretical, ultra- 
rational, but important and largely masculine." (page 5), perceptions that he 
describes as relating to the absolutist philosophies of mathematics. 

Such an image. Brown (1984) argues, results in a curriculum which is "de- 
peopled in that contexts and concepts are for the most part presented ahistorically 
and unproblematically." (page 12). Willis (1989) suggests that this projection of the 
culture of mathemotics contrasts with 'female' culture in fundamental ways and 
tends to inhibit girls' involvement in the subject. This, in turn, conspires to limit 
attainment end thus acts as a critical filter, denying access in both academic and 
vocational pursuits. 

Ernest (1994a) argues that it is a vital task of the educational and scientific 
community to shift this largely androcentric ime^e of mathematics to one that 
incorporates a more humanized view, a position that he equates with the fallibilist 
philosophies of mathematics. Fallibilism views mathematics as a complex interaction 
of a multiplicity of components that make up the social process. As Ernest (1994a) 

soys, "this view embraces as legitimate philosophical concerns the practices of 
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mathematicians, its history and applications, the place of mathematics in human 
culture, including issues of values and education — in short — it fully admits the 
human face and bosis of mathematics." (p<^e 8). Such a philosophical shift allotws for 
the culture of mathematics to be influenced by 'female' perspectives which. Brown 
(1984) argues, might emphasize context, boundedness, differences between 
situations and problems, and 'people-connectedness'. 

There is evidence which Suggests that when mathematics programmes are 
built upon Such perspectives, they are of benefit to girls. Isaacson (1989), for 
example, gives details of the introduction of an alternative mathematics curriculum 
introduced in Holland, which incorporated a higher 'social' content making use of 
broader-based applications that were more obviously and immediately relevant to 
students. She goes on to report that this resulted in a higher proportion of girls 
studying mathematics to the age of 18. 

Similarly, Morrow and Morrow (1995) detail the successes that have been 
achieved through the "SummerMath" pre^ramme which has been held for a number 
of years at the campus of the Mount Holyoke College in the United States. This 
programme is designed to address the ways in which women are underserved in 
mathematically based fields, by providing mathematical experiences in which the 
learners are encouraged to build upon and incorporate their experiences as females. 
Throi^h this pre^ramme. Morrow and Morrow (1995) have found that their students 
leave "feelir^ more able to persist in doing mathematics problems, more aware of 
the usefulness of mathematics, and dramatically more confident." (page 21). 

In addition, Willis (1989) contends that the traditional, absolutist view of 
mathematics "is not essentially male but reflects a particular construction of 
mosculinity also inappropriate for a great many boys." (page 32). Thus, the pedage^ 
and content of much of school mathematics may be responsible for the exclusion of 

many children, irrespective of gender. School mathemotics curricula will always 
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represent a selection from a much wider body of knowledge; however, a more 
humanized curricula, that docs not restrict 'female' perspectives, may result in 
greater student access. 

Developments in Psychological Learning Theory. 

Developments in psychological learnir^ theory may also hove contributed to an 
increased focus upon the affective domain. Daniels and /^nghileri (1995) argue that 
the twentieth century has seen a transition from the perception of the learner os 
Someone who only receives knowledge to one who is actively involved in constructir^ 
knowledge within a culturally situated community, a shift from a behaviourist to a 
constructivist perspective. Thus, as McLeod (1992) contends, the perception of the 
role that the learner plays in the learnii^ process must lead to different research 
approaches in both the cognitive and affective domains. He further states that "the 
behaviourists have generally been reluctant to look closely at the underlying 
processes that are related to affective responses." (page 5T7). However, as Snow 
and Farr have reported, the perception of the learner as central to the knowledge 
construction process has resulted in the emergence of affect as on important part 
of cognitive theory (cited in McLeod 1992, page 577). 
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Chapter 4o C@mpow@gits of th® Aff®cfw® 



In this chapter, an analysis of the research literature is carried out in an 
attempt to identify the components of the affective domain that are considered to 
impact upon gender differences in the learning of mathematics. 

McLeod (1992) suggests that the affective domain can be divided into the 
component elements of beliefs, attitudes, and emotions. He further states that 
these elements describe a wide range of affective responses to mathematics and 
that they can be distinguished in terms of their stability and level of intensity. In 
general, beliefs and attitudes tend to be more stable, while emotions may be subject 
to rapid change. McLeod (1992) suggests that the level of intensity of the affects 
that they describe increase from "cold" beliefs about mathematics to "cool" 
attitudes related to liking or disliking mathematics to "hot" emotional reactions to 
the frustrations of Solving nonroutine problems." (page 578). 

This investigation will focus upon student belief systems and their attitudes 
pertaining to the study of mathematics. 

Beliefs and Sender Differences . 

In the realm of mathematics education, McLeod (1992) identifies four Sub- 
domains to which student beliefs pertain. These include beliefs about mathematics, 
mathematics teaching, self, and the social context. From their review of the 
consideroble amount of research that has been carried out in these sub-domains, 
Meyer and Koehler (1990) have identified five components that impact upon gender 
differences and the learning of mathematics. These include confidence, the 
perception of the usefulness of mathematics, beliefs pertaining to the perception of 
mathematics as a male domain, the fear of success, and attributional style. An 
examination of these components and the ways in which they interact may help in 




31 



32 




understandir^ the contribution that they might make to gender differences in 
mathematics achievement. 

(i) Confidence in the learning of mathematics. 

Many researchers have stressed the relationship between student confidence 
in their own mathematical ability and their achievement in the subject. Pedersen et. 
al. (1985), for example, examined the relationship between nine different affective 
variables and achievement in mathematics amongst 1,937 seventh- and eighth-grade 
students from thirteen junior high schools in the United States. They found 
confidence to correlate higher with achievement than with any other affective 
variable (r = 0.43). A similarly high level of correlation (r = 0.41) was found by 
Fennema and Sherman (1977) in their study of nearly 3,000 high school students. 
From his meta-analysis of research carried out in this area, Kloosterman (1988) 
concludes that self-confidence "has a stronger correlation with achievement than do 
other affective variables." (page 345). 

Confidence relates to how sure a student Is of his or her ability to do well on 
a mothemoticol task or to leorn new mathematics; thus, the link between confidence 
and persistence within the subject is important. As Fennema states: "One tends to 
do those thirds that one feels confident to do and to avoid activities that arouse 
anxiety." (quoted in the Open University 1986, page 43). Walkerdine and the Girls 
and Mathematics Unit (1989) also contend that "pupils' reading of their own 
mothematical ability may be influential in determining their future pursuit of the 
subject." (pages 182-3). Such a view is supported by several other researchers — 
for example, Armstrong and Price (1982), Eccles (1983), Lantz and Smith (1981), and 
Sherman (1982). 

The studies carried out by Pederson et. al. (1985) and Fennema and Sherman 
(1977), referred to earlier, also considered the relationship between self-confidence 

and gender. Pedersen et. al. (1985) found that seventh-grade females scored 
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significantly higher than their male contemporaries on levels of confidence in 
learning mathematics; however, this was no longer the case by the eighth grade, as 
females' scores had decreased, while those for the males had increased. 

Fennema and Sherman (1977) found that when a gender difference in 
mathematics achievement was discerned in favour of males, it was accompanied by 
gender differences in conf idence, also in favour of males. Furthermore, Badger 
(1981), also reporting on the Fennema-Sherman findirgs, suggests that: 

The fact that girls were significantly less self-confident in their 
mathematical ability before they showed any signs of poorer 
performance tends to confirm the influence of this variable on 
performance. 

Badger (1981, page 232). 

(ii) The usefulness of mathematics. 

Pedersen et. al. (1985) found a correlation between student perception of the 
usefulness of mathematics and achievement in the subject (r ~ 0.35). They also 
reported that seventh-grade females scored higher on this variable than did their 
male contemporaries: however, they also found that, as students became older, the 
scores declined for females and increased for males. 

Armstrong and Price (1982) found that the perceived usefulness of 
mathematics ranked as the number one reason amoc^ students for continuing to 
pursue the subject. Meyer and Koehler (1990) argue that this perception may be a 
major influence upon participation on a short term basis, even when the difficulty of 
the material increases. They suggest that motivation to persevere with a particulor 
task is a product of the student's expectancy of success and his or her perception of 
the value of the task. Thus, even if the student's confidence, and therefore 
expectancy of success, is low, but a strong perception of the usefulness of the task 
is held, motivation to continue may result, irrespective of the difficulty. 




Using their scale, designed to measure students’ beliefs about the usefulness 
of mathematics currently, and in relationship to their future education, vocation, or 
other activities, Fennema and Sherman (1976a, 1977) found that high school males in 
general scored higher on this variable. In addition, Eccles (1983) found that males 
felt that mathematics was of more value to them than did females, and Lantz and 
Smith (1981) concluded that the attitudinal variable most highly correlated with 
mathematics participation was the subjective value placed on the subject. 

(iii) Mathematics as a male domain. 

Koehler and Fennema (1982) claim that individuals tend to do those things that 
they perceive as appropriate for their gender. Such a view might impact upon the 
value of mathematics. As discussed earlier, the widely held perception of 
mathematics as beirg androcentric in nature may serve to fulfil itself and thereby 
present a barrier to females. If, as Isaacson (1989) suggests, a girl believes that 
engagement in mathematics is inappropriate for females, then her success in the 
subject may conflict with her perception of appropriate sex-role fulfillment. On the 
other hand, as Meyer and Koehler (1990) contend, "sex-role cor^ruency is not likely 
to be as important for males, since the prevailing stereotype is that mathematics is a 
masculine domain and therefore a very appropriate subject for male study and 
achievement." (page 64). Furthermore, as Koehler and Fennema (1982) point out, 
individuals may "fear sanctions from others if they perform opposite sex- 
stereotyped activities. In relation to mathematics, females may fear social rejection 
if they excel in mathematics, while males will be pressured into doir^ well." (pc^e 
102 ). 

In spite of the theoretical significance of this variable, Meyer and Koehler 
(1990) report that the research in this area has yielded mixed results and it has not 
been useful in predicting either participation or achievement in mathematics. 

However, they go on to contend that it is the interaction of this variable with others 
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that may make it more or less important, hypothesizing, for example, that this belief 
may become more or less potent as a function of oge and maturity. Additionally, 
Fennema indicates that stereotyping occurs at a crucial time and suggests that it is 
probably "more than just coincidence that at adolescence, when girls are becoming 
increasingly aware of their sex role, sex-related differences in mathematics learning 
appear." (quoted in Koehler and Fennema 1982, page 102). 

(iv) The fear of success. 

Leder (1992) and Meyer and Koehler (1990) rciterote the link between the 
fear of success and sex-role cor^ruency described above. They cite the work of 
Horner, in which she describes the fear of success as the fear of the negative 
consequences that accompany success. She further identifies two sources of these 
negative consequences: firstly, the individual's possible loss of her sense of 
femininity and self-esteem: and, secondly, social rejection as a result of the success. 

Leder (1992) integrates confidence with sex-role cor^ruency and the fear of 
success. She suggests that the notion of the fear of success is consistent with the 
lower confidence expressed by females in relation to their mathematical ability, 
their greater tentativeness with regard to the appropriateness of participating in 
mathematics and that this may, ulitimately, result in their lower performance in the 
subject. She goes on to conclude that: 

Work carried out within the fear of success paradigm suggests that 
females' lower performance in mathematics is a function of 
internalization of, and conformity to, the expectations of others, 
rather than bciry a function of ability per sc. 

Leder (1992, page 615). 

(v) Attributional Style. 

Prominent in the literature on gender differences in mathematics is the way 
in which a student attributes causation for success and failure. Central to much of 
this work is Weiner's Attribution Theory. Bell-Sredler (1986) informs us that 



Weiner identified ability, effort, task difficulty and luck as the most likely causes 
attributed to various academic outcomes. To eoch of these causes he attributed the 
dimensions of stability and locus of causality. Stability of the perceived couse refers 
to the endurance of the particular attribution. Since ability and objective task 
difficulty are enduring, they ore Seen os stable. In contrast, effort and luck are 
transient and therefore unstable. Locus of causality refers to the origin of the 
perceived reason for the outcome; i.c. the environment (external) versus the 
individual (internal). In this way, ability and effort are internal to the individual, 
while luck and task difficulty ore external. 

A summary of the elements of Weiner's theory of attribution, provided by 
Fennemo (1981), is shown in Table 3. 

Table 3: Stability and locus of causality dimensions for Weiner's attributions. 



LOCUS OF CAUSALITY 





Internal 


External | 


fstabte 


Ability 


■ Task Difficulty 1 


Unstoble 


Effort 


Luck 1 



Source: Fcnnema (1981, page 99) 



Bell-Oredler (1986) indicates that two functions are fulfilled by the causal 
dimensions. One is that they contribute to the goal expectancies of the individual: 
for example, stability contributes to unchanged expectations for the future — i.e. 
failure which is attributed to a stable cause is expected to be repeated. The second 
function relates to the emotional reactions generated by each attributional 
dimension. Tbese reactions, in turn, contribute to belief systems and are, therefore, 
influential upon future behaviour. Internal attributions for success have the 
potential for enhancing the self-esteem of the individual, while failure attributed 
internally can contribute to a negative self-image. In contrast, no impairment of 
self-esteem is expected if failure is attributed to external factors. 



Table 4 summarizes the effects of attributional properties in relation to 
positive and negative outcomes. 

Table 4: The effects of attributional properties as they relate to positive and 
negative outcomes. 



Positive Outcomes: 


Stable 


Continued expectations for success 
Emotions of pride maximized 


Unstable 


Does not decrease success expectation 

Emotions unlikely to be extended to future situations 


Internal 


Contributes to positive sense of self-worth 
Enhances the likelihood of engagement in future tasks 


External 


Unrelated to self-image 


Negative Outcomes: 


Stable 


Continued expectations for failure 

Emotions of shame, apathy, resignation maximized 


Unstable 


No decrease in success expectancy 
Emotions likely to be extended to future events 


Internal 


Contributes to negative self-image 

Enhances the likelihood of avoidance of achievement tasks 


External 


Unrelated to self-image 



Source: Adapted from Bell-Sredler (1986, page 286). 



Table 5 summarizes the properties of the four major attributions. 
Table 5: The properties of Weiner's four attributions. 



Attnbution 


Dimension 


Consequences 


Ability 


Internal 


Generates feelir^s of competence or incompetence 
and feelir^s of pride or shame 


Stable 


Same outcome expected again: emotions of pride 
and shame magnified; for failure, resignation and 
apathy magnified 


Effort 


Internal 


Generates feelings of pride for success 


Unstable 


Does not decrease success expectancy 


Luck 


External 


Self-imc^c not altered 


Unstable 


No decrease in success expectancy 


Task 

difficulty 


External 


No enhancement of self-esteem for success outcome 


Stable 


Same outcome expected again 



Source: Adapted from Bell-Sredler (1986, page 287). 
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Some interesting research findings have resulted from the application of 
attribution theory to gender differences in the learning of mathematics. Leder 
(1992) and Taylor (1990) detail the research conducted by Wolleat, Pedro, Becker 
and Fennema, in which they studied the attribution patterns pertaining to the 
learning of mathematics of 647 female and 577 male high school students. Their 
findings indicate that females, more strongly than males, attributed success and 
failure in mathematics according to a pattern described as 'leorned helplessness’. 
Kloosterman (1988) informs us that students characterized as learned-helpless feel 
that success is beyond their control and that effort is unproductive because it 
probably will not lead to success. Thus, Dweek found, such students tend to 
demonstrate a low level of persistence and avoid challenges where possible (cited in 
McLeod 1992, page 585). Kloosterman (1988) summarizes the research findings on 
attributional styles of these students by stating that they "often attribute failures 
to the Stable, uncontrollable factor of a lack of ability and attribute their successes 
to the ejcf'crnal, uncontrollable factors of an easy task or good luck." (page 346). He 
cites the conclusion of many researchers that such students see little hope for 
academic success. Leder (1992) further informs us that Wolleat et. al. found that 
the attributional patterns of high attaining females were particularly dysfunctional. 
"Sex differences in attribution to effort in response to success events are most 
pronounced at the highest level of achievement." (quoted in Leder 1992, page 601). 

From her meta-analysis of the research, Reyse reports that there is "a well 
established relationship between attributions and achievement-related behaviours 
Such as persistence, effort, and choice of challer^ing tasks." (quoted in Taylor 1990, 
page 56). Furthermore, she conf irms gender differences in patterns of attribution 
for success and failure in that females are "more likely to see success as caused by 
effort and less likely to see success as caused by ability." (quoted in Taylor 1990, 
page 56). 
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Several commentators have detailed these findings — for example. Burton 
and Townsend (1985), Cockcroft (1982), Russo (1984), and Badger (1981). Table 6 
summarizes the generalized conclusions of this research. 

Table 6: Summary of the research into the attributional styles of girls and 
boys. 





SUCCESS AT MATHS 


LACK OF SUCCESS 


BOYS 


Skill, Ability 


Bad luck. Lack of effort 


6IRLS 


Good luck, Effort 


Lack of skill A Ability 



Source: Ernest (1994b, page 44). 

By combining the generalized results above with the attributional properties 
outlined earlier in Table 5, the implications for boys' and girls' learning in 
mathematics con be discerned. Feelings of competence and pride might result from 
boys attributing their success to skill and ability. For girls who attribute their 
success to having made a good effort, feelings of pride might also be generated and 
their expectancy for success may not be decreased: however, if luck is attributed to 
their success, then, due to its external nature, self-image may not necessarily be 
enhanced. 

Conversely, by attributing their lack of success to luck, boys may not 
experience the diminution of their self-image. If lack of effort is attributed, then 
the expectancy of future success does not necessarily decrease. For girls who 
attribute their lack of success to a lack of skill and ability, feelings of incompetence 
and shame may be generated, and resignation and apathy might also be magnified. 

As Seegers and Boekaerts (1996) state: "a self-dcrogatirg bias in 
attributional style will quasi-automatically lead to lower motivation and 
performance." (pages 219-20). Badger (1981) supports this view and states that: 

The obvious corollary to such findings is that girls will lack 

persistence on tasks where there is no rational basis for continuing to 



expend effort. On such tasks, luck can hardly be relied upon for 
continued success and a lack of ability is not conducive to continued 
effort. 

Badger (1981, page 235). 

She further suggests that the importance of this interpretation of girls' 
attributional patterns is not as a direct explanation of their apparent lower 
performance than boys, but as an explanation of why they do not persist in their 
mathematical education. 

Certainly there appears to be evidence to suggest that girls and women are 
underrepresented in higher level mathematics courses, although this situation does 
appear to be improving. In the United Kingdom, the engagement of fewer girls than 
boys in mathematics at A' level has been documented by Cockcroft (1982) and 
Burton (1986). Friedman (1995) gives details of the number of women obtaining 
degrees in mathematics in the United States: at the bachelor level this has 
increased from 23% in 1950 to 47% in 1992; for the same time span, the figures 
have increased from 20% to 39% at the masters level and 6% to 21 % at the 
doctoral level. 

As Morrow and Morrow (1995) point out, the under-representation of women 
at these higher levels of mathematics education has a serious impact upon their 
career opportunities. From their analysis of the career statistics published by the 
National Research Council, they found a large disparity between the genders in 
participation rates in quantitatively based fields; the more a particular career 
requires mathematics, the higher the pay, and the lower the rate of female 
participation. 

It is clear that attribution patterns, along with confidence, mathematics as a 
male domain, the perceived utility of mathematics, and attitude toward success are 
all important affective components that merit investigation as they pertain to 
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gender-related differences in mathematics achievement. These components, 
therefore, will form a central part of this dissertation. 



Chapter 5: The Sing8e~S®x Etivlroeimewt. 




Research into single-sex schoolir^ and achievement will be considered in the 
first part of this chapter. This will be followed by an analysis of research that has 
considered the various affective components, discussed in the last chapter, as they 
pertain to girls in single-sex schools. 

Achievement and Sinole-Sex Schooling. 

Until recently, sir^le-sex education was perceived as an anachronism, 
reflective of outdated beliefs that the educational needs of males and females are 
different. Co-education was assumed to be the path through which similarity of 
treatment of the two genders could be achieved, a view reflected in the 1972 North 
American law, designed to abolish sex-discrimination in the public schools. Title IX 
of the Education Amendments, in which single-sex provision was made illegal. 

In the United Kingdom, the voluminous researches of Dale (1969, 1971, 1974) 
set the agenda for thinking in this field for many years. He concluded that the 
attainment levels reached by co-educated pupils is, in general, higher than those for 
pupils educated in single-sex environments. More recently, research carried out by 
Smith (1986) si^ests that single-sex groupings for mathematics failed to improve 
the performance of girls. However, Shaw (1995) contends that "a growing number of 
professional educationalists have returned to thinking well of single-sex education. 
This is quite a U-turn and largely the result of the introduction of league tables 
which consistently show how well single-sex schools do, particularly day schools for 
girls." (page 129). 

Interpretation of the league tables requires caution as they tend to be 
comprised of raw data drawn from public examination results. When viewed from 
this perspective, Smithers and Robinson (1995) acknowlec^ the impressive results 

obtained by many single-sex schools; however, they si^gest that "they are not of 
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themselves evidence that sir^le-sex education is the more effective, even 
specificoily in relotion to ocodemic achievement." (poge i). Instead, they si^gest 
thot the opporently superior performonce of girls' schools could, omong other 
things, be due to the following: 

(1) ability intoke 

(2) sociol doss bockground of the pupils 

(3) type of school involved 

(4) history and tradition of the schools, and 

(5) better performonce by girls overoll. 

Higill and Noroyon (1995) report, however, thot on onolysis of the leogue tobies 
corried out for Ofsted, the United Kingdom Government quongo responsible for 
school inspections, still indicotes better performonces from students educoted in 
single-sex schools after odjustments for the vorious foctors outlined above hove 
been mode. 

In the domoin of ochievement in mothemotics ond science, Smithers ond 
Robinson (1995) si^gest that, when obility is controlled for, the opporent positive 
effects of single-sex schoolir^ for girls is nullified; however, it should be noted that 
their conclusions ore drown from data obtoined on 14-yeor olds in the Internotionol 
Study of Educational Achievement corried out some twenty-five years earlier. 
Whilst ocknowledging thot their work is illustrative of some of the mony flows 
ossocioted with the leogue tobies of school results, it may be that the doto upon 
which their conclusions ore based need to be re-evoluoted to occount for the sociol- 
historicol context from which they were drown. They moy not reflect, for exomple, 
the effects of attitude chorees about sex-roles within the lost decode; thus, o 
wider and more up to date review of research into the mothemotics educotion of 
girls may hove resulted in conclusions of o different nature. 
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Over recent years, numerous studies from oround the world suggest that 
there are achievement advantages, particularly for femoles, in single-sex schools. 
Eales (1986), for exomple, detoils an experiment, corried out in a secondary school in 
the United Kingdom, in which the effectiveness of single-sex groupings was tested in 
an attempt to arrest the decline of femole performance in mothematics. After two 
years, it was found that the attainment levels of the girls had improved, as measured 
by their 'O' level and CSE results; furthermore, a significantly greater number of 
girls were opting for 'A' level mathematics. 

In Jomaico, Hamilton (1985) considered the SCE examination results of 1,146 
students. Somples were drawn from 3 single-sex boys' schools, 5 single-sex girls' 
schools, and 7 co-educational schools. From her results, she presents "the relative 
standing of each group bosed on overoll performance — first placed girls from 
single-sex schools, then boys of this type, followed by boys from co-educationol 
institutions, and finally, their female counterparts." (page 543). Similarly, Hiddleston 
(1995) found from her research in Malawi that females who attended girls-only high 
schools achieved better results on the finol school examination than those who 
attended co-educational institutions. She olso notes that school selection is 
independent of the ocodemic stonding of the students; thus, there is no opponent 
bios towords plocing the best girls in single-sex schools. Similor findings ore also 
reported by tee and Lockheed (1990) from their research in Nigerio. 

At the post secondary school level, Delon (1995) detoils the merger of an all- 
male school with on oll-femole school from the 'Ecoles Normoles Supereure' system 
in France. She reports that, in the eight years since this amolgamotion, the number 
of female students optir^ to study mathemotics has declined by 80%, a situation 
which leads her to conclude thot “in no subject were the consequences as disostrous 
as in the area of mathematics." (poge 142). 
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As has been discussed, there are problems associated with the interpretation 
and analysis of league tables of school examination results. Similar problems moy also 
pertain to the contemporary research into the effectiveness of single-sex versus co- 
educational schools. It is suggested by Smithers and Robinson (1995) that various 
school and non-school factors should be taken into account. The role of school 
characteristics has been addressed extensively in much of the recent research but. 
increasir^ly, the importance of non-school characteristics pertainir^ to the personal 
and family background of the students has also been recognized. 

In their reseorch, for example, Lee and Bryk (1986) and Riordon (1985) have 
made attempts at controllir^ such factors as social class, race, number of parents, 
religion, and family income as they pertain to the entry level characteristics of 
students attending single-sex versus co-educational schools. Jimenez and Lockheed 
(1989) extend this further by considering ‘selectivity bios', whereby non-school 
factors such as socioeconomic background, innate ability, and individual motivation 
affect choices mode by families with regard to the type of school they select for 
their children. From their investigation, they conclude that "failure to correct for 
selection biases results in a significant underestimate of the positive effect of 
single-sex schools in enhancing female achievement." (page 135). 

All three studies outlined above are consistent with regard to the conclusion 
that "single-sex schooling is more effective for female students." (Jimenez and 
Lockheed 1989, page 117). Findir^s such as these lead Burton (1990) to summize 
that: 

Surely a change in social groupings does not affect women's abilities 
although there is ample evidence that it does affect their 
achievement. 

Burton (1990, page 2). 
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The f indii^s of Mo and Kishor (1997) may give us some insight into why the 
single-sex environment might lead to enhanced achievement levels. Conducting a 
meta-analysis of 113 primary studies concerning the relationship between attitude 
toward mathematics (ATM) and achievement in mathematics (AIM), their findings 
suggest that gender does not have a significant effect on the relationship between 
ATM and AIM. However, they did find: 

Studies with mixed-gender groups tended to show a weaker 
ATM-AIM relationship than studies with separate gender groups, 
indicatir^ that poolir^ male and female students together might have 
a weakenir^ effect on the relationship. 

Ma and Kishor (1997, page 37). 

Such a conclusion suggests that the affective dispositions of students toward 
mathematics needs to be considered with reference to their educational 
environments, single-sex or co-educotional. The next section outlines some of the 
research that has been carried out in this regard. 

Affective Components and Single-Sex Schooling. 

Throughout the research literature concerning girls in single-sex schools, 
there are numerous references to the affective components discussed eorlier. As we 
shall see, much of this research concludes that these girls are displaying more 
positive affective profiles; however, such a conclusion is not universal. In the United 
Kingdom, Smith (1986) describes an experiment carried out to investigate the 
effectiveness of single-sex mathematics sets on the performance levels of students 
and their affective dispositions towards the subject. He found that the 
establishment of such sets failed to improve the self-confidence of more able girls 
and that segregated girls regard mathematics as a less useful subject than their 
peers from either co-educational or all male sets. The results also suggest that "girls 
apparently regard maths as a more difficult subject than boys whether they have 

been taught maths in single-sex sets or not." (pages 21-22). 
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These findir^s are in contrast with those detoiled by Marjoram (1994) and 
Gwizdala and Steinback (1990) who concluded from their studies thot girls in single- 
sex groups goined more in self-confidence and achievement than those in co- 
educationol groups. 

It hos been suggested by severol researchers that the co-educational 
classroom experience for girls con act as an agent of the wider social expectations 
of them, and that these impoct negatively upon their levels of confidence. As 
Orenstein (1994) found, "by sixth grade, it is clear that both girls and boys have 
learned to equate maleness with opportunity and femininity with constraint." (page 
xiv). 

Sadker and Sadker (1994) investigated the behaviour of girls in co- 
educotional and single-sex classrooms. Their findings are represented by the words 
of one teacher who stated: " "When it's all female, the girls take chances. But when 
guys ore in the class, the girls stop asking questions the way they do now. They begin 
to say things like, 'I'm not sure if this is the right answer 

but . . .' " " (poge 236). Similar perceptions of this type of classroom situation were 
also reported amongst the students themselves, many of the girls citing fear of 
ridicule and intimidation by boys as reasons for their withdrawal. 

Walden and Walkerdine (1986) argue that constraint associated with 

femininity allows for the followir^ of the procedural rules of mothemotics and the 

behavioural rules of the clossroom which ore necessary for task completion in many 

cases. They go on to suggest, however, that 'real understondir^' requires the 

internal rules of mathematical discourse to be challer^ed and that "such challergirg 

requires considerable confidence because it necessitates the rec<^nition that rules 

are to be simultaneously followed and challenged. . . . many girls do not have such 

confidence, nor would dare to make a challer^." (page 145). Thus, they conclude 

that such a situation locotes girls at "the nexus of a constellation of practices 
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characterized by tortuous and contradictory relationships between gender . . . and 
intellectuality." (page 144). 

The importance of the role of confidence is exemplified by this analysis. 
Additionally, it may give some explanation to the conclusion of Kloosterman (1988) 
that self-confidence "has a stror^r correlation with achievement than do other 
affective variables." (page 345). 

Winchel, Fenner and Shaver (1974) found that for girls "who attend co-ed 
elementary schools, feor of success is more common, and it appears to be increased 
by attendance at co-ed high school." (page 729). They attribute these findir^s to 
the cross-sex competition found in co-educational classrooms. More recently, 
Jimenez and Lockheed (1989), reviewir^ large scale studies carried out in New 
Zealand and Canada, report that girls in single-sex schools had a greater desire to 
be remembered as brilliant students in comparison with girls in co-educational 
schools. 

Lee and Lockheed (1990) concluded from their study with Nigerian students 
that single-sex schools affect girls positively throi^h the engendering of less 
stereotypical views of mathematics as a male domain. 

A multifaceted study involving 1,807 secondary students carried out in the 
United States by Lee and Bryk (1986) found: 

Whether concerning academic achievement, achievement gains, 
educational aspirations, locus of control, sex-role stereotyping, or 
attitudes and behaviors related to academics, results indicate that 
single-sex schools deliver specific advantoges to their students, 
especially female students. 

Lee and Bryk (1986, page 381). 

Two studies undertaken by Foon (1988) in Australia and Cairns (1990) in 
Northern Ireland replicate the results obtained by Lee and Bryk (1986) os they 
pertain to academic self-esteem and locus of control. Both conclude that beir^ a 
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student ot o sir^le-sex school may contribute to an increased sense of cognitive 
competence ond a more inner-orientoted locus of control. 

Other researchers who hove concluded that sirgle-sex environments 
contribute positively to girls' effective dispositions include Eales (1986), Burton ond 
Townsend (1985), the Open University (1986), and the National Coolition of ©iris 
Schools (1993). A review of a broad spectrum of research in this field leads Sodker 
and Sadker (1994) to conclude thot: 

. . . the evidence is persuosive. ©iris in single-sex schools have higher 
self-esteem, are more interested in non-traditionol subjects such os 
science ond moth, and are less likely to stereotype jobs and coreers. 

Sadker and Sadker (1994, page 233). 

However, perhops the more coutionary position token by Volerie Lee should be 
noted. She is on influentiol ond well respected University of Michigan reseorcher 
who hos conducted numerous studies pertaining to sir^le-sex educotion in the United 
Stotes and internationally. (Examples include, Lee and Bryk, 1986: Lee and Lockheed, 
1990: Lee and Marks, 1990 and Lee, Morks and Byrd, 1993). When interviewed by 
Sodker and Sadker (1994), she was osked if she hod reached a decision about the 
merits of single-sex education. Her response was that the evidence led her to take 
on eguivocol position and she emphasized thot: 

So much depends on the school. Some girls' schools we sow looked like 
throwbacks, nineteenth-century finishing schools to prepare little 
ladies. But other girls' schools really ore payir^ ottention to gender 
— what is in the books and on the walls, os 

well os the interoction. They encouro^e assertiveness, curiosity, ond 
questions. 

(quoted in Sodker and Sodker 1994, page 249). 

Such o coutionory note may be particulorly pertinent when consideration is 
given to the investigation that will be described in the next section. As will be seen, 
this will focus upon the affective profiles of students drown from the only remoinir^ 
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single-sex girls' school in Bermuda; thus, any conclusions drawn can not be viewed as 
widely generalizable. 
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Chapter 6: Th® Ifivestigetiow. 



Rationole ond Methodology . 

Ernest (1994), citir^ the work of Habermas, suggests that the motive which 
underlies the quest for knowledge defines the interest behind the educational 
research paradigm. The primary aim of this investigation is to collect data pertainii^ 
to the affective profiles of girls educated in a single-sex and a co-educational 
environment. The motivation behind this aim is that the data obtained may provide an 
informed basis from which the affective component of the cycle of gender inequality 
con be addressed. Such an approach aligns this investigation with the critical 
theoretic reseorch paradigm, because, as Ernest (1994) points out, the interests of 
this poradigm include the achievement of social justice which is sought through the 
outcome of improved social institutions and conditions. 

The rationale for this investigation is derived from the previous research that 
has been outlined earlier. This rationale stems from a position of critical analysis 
that proposes that girls' differential experiences in the realm of mathematics 
education are a result of an environment that comprises a reproductive cycle of 
inequolity derived from an overpowering ideology that encompasses sexism in both 
society and mathematics. However, in an attempt to understand and attack the 
affective component of this cycle, quantitative approaches that are more usually 
associated with the scientific paradigm will be utilized. 

Such an approach derives from an epistemological position which ocknowledges 
the role of theory in the development of the hypothesis that girls' affective profiles 
can be influenced by single-sex verses co-educational learnit^ environments. Cook and 
Reichardt espouse the view that research founded upon the aim of testirg theory 
distir^uishes it as quantitative in nature (cited in Evans 1994, page 320). Evans 
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(1994) further suggests that this approach " tends towards determinism — based on 
forces (e.g. socialization), instincts, characteristics and/or attitudes." (page 320). 

When research is explicitly driven by theory, the researcher’s preconceptions 
have to be acknowledged as influential in the development and interpretation of this 
theoretical foundation. The feminist critique of research, as outlined by Damarin 
(1995), is recognized as valid when consideration is given to this investigation. This 
critique claims that the researcher and researched cannot be divorced from the 
environment in which they are enveloped; thus, any outcomes can be seen as socially 
meanirgful and useful ways of interpretirg a situation, rather than some form of 
objective reality. Damarin (1995), therefore, goes on to suggest, it is important that 
a critique of these outcomes is carried out with a view to understanding their 
relationship with the environment from which they were produced. As for any other 
research, this dissertation can be viewed as a product of an environment that is 
infused by sexism; thus, a critique from an objective external source would support 
the foundations upon which this investigation is built. Such a critique is both 
encouraged and welcomed. 

Evans (1994) points out that "the quantitative approach is useful when we wish 
to make comparisons across . . . groups of subjects, and we aim for some degree of 
generality." (page 326). Such an approach, therefore, is suited to the central aim of 
this investigation, which is to ascertain a generalized view of the affective profile of 
girls who are educated in a sir^le-sex school in Bermuda, and to determine whether 
or not this contrasts positively with the generalized affective profile of their female 
contemporaries who are being educated in a co-educational setting. 

Such an approach has an inherent weakness, as Ernest (1994) points out, in 
that it con be insensitive to the individual student. In contrast, however, by selectir^ 
a large enoi^h group of subjects, it is anticipated that a generalized view con be 
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obtained, whereby any extreme affective profiles do not skew the results to such a 
degree that unreasonable claims with regard to the general situation are made. 

Ernest (1994), also points out that: 

All persons and human situations and contexts are unique and 
individual, but the scientific research paradigm requires that whole 
classes of individuals or events are regarded as identical, or at least 
indistinguishable in terms of a range of selected variables. Thus this 
approach can often be insensitive to contextual variations . . . 

Ernest (1994, page 32). 

In an attempt to reduce the errors associated with this approach, care has been 
taken in the selection of the co-educational school for participation in this study, 
althoL^h it has to be noted that this choice is limited by the fact that there are only 
ten such schools available in Bermuda. As outlined below, the co-educotional setting 
which displays the greatest similarities in traits to the single-sex school has been 
chosen; however, it has to be acknowledged that it is not possible to eliminate all of 
the extraneous variables that may have an impact upon the affective profiles of the 
students. These variables may, for example, include social factors pertoinir^ to the 
students, their attainment levels, and the attitudes of their teachers. 

The Sub iects of the Investigation . 

The subjects of the investigation were drown from two schools, both 
independent, with their own on-site feeder primary departments. The racial make-up 
of the student body of each school is approximately 60% white and 40% black. The 
schools have three forms at the entry level to their senior departments, each year 
group having a maximum capacity of sixty students. Acceptance into the secondary 
department is via an entrance examination, althoi^h the ability rar^e in both schools 
is wide due to the relatively small population of school-age children in Bermuda, and 
the increasir^ly competitive market in independent schools. Students in both schools 
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follow GCSE syllabi, most taking the examination at the end of their fifth year. PSAT 
and SAT examinations ore olso taken. 

Attempts were made to obtoin from the schools copies of results for the 
various public exominations, os this would hove ollowed for comparisons of 
achievement, as measured by these examinations; however, the administration of the 
co-educotionol school was not prepared to release these. It is perhaps 
understandoble that in a small island community, data pertoinirg to the performance 
of any of the five independent schools tend only to be released in o manicured form 
for marketing purposes, an unfortunate situation as a lack of ochievement data limits 
the comparative analysis of the two schools. 

As was noted from the research literature, it has been hypothesized that 
some of the affective elements, particularly confidence, sex-role corgruency, and the 
fear of success moy be a function of age. Ideally, to obtain some insight into this 
area, a lor^itudinal study over severol years would be of benefit; however, such on 
opproach is improcticol for this investigation. Thus, as Haladyna and Shoi^hnessy 
point out, "it seems reasonable ond important to include several grade levels in ony 
study of attitudes to determine if trcuids exist ocross grades." (quoted in Mo and 
Kishor 1997, page 43); hence, the use of two year groups was odopted to facilitate a 
comparison between the affective profiles of your^er students ond those of older 
students. 

Secondory level students from Years 5 ond 2 were asked to complete o 
questionnoire. It must, of course, be stressed that ony conclusions drawn from o 
comparison between these two age groups will hove to be treated with caution. It hos 
to be ocknowledged thot the Year 2 ond Year 5 five samples ore unique and, 
therefore, any relotionship may not be representotive of any developmentol ospect of 
the vorious affective components. 
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The choice of the Year 5 students was made, in particular, because they may 
have a more stable and well established view of both mathematics and of themselves 
as learners of mathematics, a view supported by the work of Ma and Kishor (1997). 
Additionally, their imminent participation in the important SAT and GCSE 
examinations makes insight into their affective profiles of particular value. 

From the sir^le-sex school, 49 Year 2 girls ond 40 Year 5 girls provided data 
for the investigation, and from the co-educational school 35 Year 2 girls and 31 Year 
5 girls provided data. A quantitative analysis of the data generated from these 
groups was used to address the main hypothesis of this study that girls educated in 
a single-sex environment display a more positive affective profile than their female 
contemporaries from a co-educational background. 

Data were also obtained, however, from the boys in the same Year groups of the co- 
educationol school to facilitate a cross-gender analysis of the affective profiles of 
the various groups; the Year 2 boys numbered 25 and the Year 5 boys numbered 22. 
The Questionnaire . 

A questionnaire (see Appendix 1) was used as the instrument to investigate the 
affective profiles of the students. As Smith (1975) points out, a primary strength of 
such an instrument is that it is one of the few techniques that allows for the 
collection of general izable information pertainir^ to the study of attitudes, values, 
and beliefs. 

Those components of the affective domain, discussed earlier, which have been 
hypothesized to be related to gender differences in the learning of mathematics 
form the foundation of this questionnaire. Questions related to the four components 
of confidence (C), the usefulness of mathematics (U), mathematics as a male domain 
(MD) and attitude toward success in mathematics (AS) were drawn from the 
Fennema and Sherman Attitude Scales (see Appendix 2). 
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These scales have been chosen because they were designed specifically to 
measure the attitudes pertaining to high school students; furthermore, they were 
developed in such a way as to establish content validity. Fennema and Sherman 
(1976) detail the steps that they took in this process. Each author wrote items 
independently and these were judged by the other author for validity. 173 items 
were agreed upon for the initial test and these were randomly distributed into one 
instrument. This instrument was administered to 367 students from grades 9 to 12, 
some of whom had elected to study mathematics, while others had not. Fennema and 
Sherman (1976) detail several criteria, in order of importance, that were used in 
selectir^ items to be included in the f inol version of the scales: these included those 
that correlated highest with the total Score for eoch gender; those with higher 
standard deviations for each gender; those which yielded results consistent with the 
theoretical construct of the scale; and items that differentiated mathematics and 
non-mathematics students. 

Six positive and six negative items were finally selected per scale, for which 
split-half reliabilities were calculated. The values of these reliabilities, for the 
scales utilized in this study, are given in Table 7. 

Table 7: Split-half reliabilities, as calculated by Fennema and Sherman for 
their attitude scales. 



SCALE 


SPLIT-HALF RELlABILiry 


Attitude Toward Success (AS) 


0.87 


Mathematics as a Male Domain (MD) 


0.87 


Cbnf idence (C) 


0.93 


Usefulness of Mathematics (U) 


0.88 



Source: Fennema and Sherman (1976, page B4) 
An independent construct validation study into the Fennema-Sherman Scales, 
using factor analysis, was also conducted by Broodbooks et. al. (1981). Their study, 
involving 1,541 Junior high-school students, produced eight factors that they 
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interpreted as empiricol evidence to support the theoretical structure and 
measurement integrity of the scoles. Similor results, also usir^ factor onalysis, hove 
also been reported by Melonchon et. ol. (1994). 

Additionally, Eckard (1995) details the work of Hockett and Betz in which 
they also found the scoles to be stotisticolly relioble throi^h the use of the Kuder- 
Richordson test. Their Kuder-Richordson volues rar^ed from 0.86 to 0.90. (cited in 
Eckord 1995, page 25). 

As con be seen from Appendix 2, each component scole consists of twelve 
questions, of which six reflect o positive affective profile and six reflect o negative 
effective profile. Students were osked to respond to each question using o graphic or 
Likert-type scole contoining five response olternotives: strongly ogree, agree, 
undecided, disagree end stror^ly disogree. Eoch response hovir^ o score of 1 to 5, 
the weight of 5 being ollocoted to the response thot is hypothesized to hove the 
most positive effect on the learnir^ of mothemotics. 

One drowbock of the Likert scole formot which hos to be recognized is the 
error of central tendency, whereby students may tend to opt to rote themselves 
near the centre of the scole rother than usir^ the extremes. To help overcome this, 
odministrotors of the questionnaires were asked to stress the need for honesty and 
that strict confidentiality would be maintoined. Such on opprooch may olso hove 
helped in reducir^ what Smith (1975) identifies as reactive error, whereby subjects 
modify their responses becouse they ore being tested. 

Questions 49 ond 50 of the questionnoire relote to the ottribution component 
(odopted from the Open University 1986, page 39). These hove yielded usable data 
os questionnaire components in two previous investigotions that I hove carried out, 
the format seemir^ly posing no difficulty for the respondents. 

A numericol representation of each response to the attribution question wos 

based upon the hypothesis thot, for success outcomes, internal ond stoble 
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attributions contribute positively to the affective profile, whereas external and 
unstable attributions are neutral. In contrast, for failure outcomes, internal and 
stable attributions contribute negatively to the affective profile, whereos external 
and unstable attributions are neutral. This hypothesis is based upon the findings, 
reported by Seegers and Boekaerts (1996), of two meta-analyses of research into 
attribution, conducted by Whitley and Frieze, and Findley and Cooper. These 
analyses suggest that there is empirical evidence to show that success has a more 
positive impact when it is ascribed to an internal and stable cause (e.g. ability) and 
that failure has a less deteriorating effect when it is attributed to an external 
cause (e.g. bad luck). 

Table 8 shows each of the attributions in terms of its positive, negative, or 
neutral contribution to the affective profile. 

Table 8: Attributional impact upon Student affective profiles for success and 
failure outcomes. 



SUCCESS 


Internal 


External 


Stable 


Unstable 


Score 


Ability 


Positive 




Positive 




5 


Effort 


Positive 






Neutral 


4 


Task Difficulty 




l^leutral 


Positive 




4 


Luck 




Neutral 




Neutral 


3 



FAILURE 


Internal 


External 


Stable 


Unstable 


Score 


Luck 




Neutral 




Neutral 


3 


Task Difficulty 




Neutral 


?^Jegative 




2 


Effort 


Negative 






Neutral 


2 


Ability 


Negative 




Ntegative 




1 



As can be seen from the table, a score has been assigned to each attribution that 
equates with the five point scores allocated to the Likert scales used for the other 
affective components contained within the questionnaire. The scores for the success 
outcomes range from the positive value of 5 to a neutral score of 3; and for the 
failure outcomes, the scores range from a neutral value of 3 to a negative score of 1. 
Such a rating is based upon the assumption that success, however attributed, will 
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not have a negative impact upon the effective profile and that failure will not have a 
positive impact. 

Table 9 shows the range of scores available to the students when their 
attributions for success and failure are combined. 

Table 9: Combined scores for success and failure attributions. 



SUCCESS 

OUTCOME 



FA] 


[LURE OUTCOME 




Ability 


Effort 


Task Difficulty 


Luck 


Ability 


6 


7 


7 


8 


Effort 


5 


6 


6 


7 


Tosk Difficulty 


5 


6 


6 


7 


Luck 


4 


5 


5 


6 



It has to be accepted that a numerical representation of the vorious 
combinations of student attributions for success and failure has its limitations; for 
example, one student escribing luck to both outcomes obtains the same score as one 
ascribing effort to both outcomes. Consequently, consideration of just the numerical 

i' 

value ignores the implications of the different attributional styles of the students. 
However, this numerical approach does provide a sir^le overoll measure of 
attribution which ollows for it to be integrated with the other four affective 
components to obtoin a combined affective score for each student. The justification 
ond methods odopted for this integration ore given in the next section. 

Analytical Methods . 

The total affective profile scores provide a tool for analyzing holistically the 
impact of the five affective components as they work in combination for each group 
of students. Such an analysis oddresses the central hypothesis of this investigotion 
thot girls' affective profiles, in generol, ore more positive if they are educated in 
sir^le-sex environments. It also ocknowledges that each affective profile is a 
multifaceted network of inter-related affective components, with no sir^le 
component operotir^ in isolotion. 
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As Fennema and Sherman (1976a) point out, their ottitude scoles ore 
designed to be used in any combination; however, to justify the inclusion of the 
attribution component, its correlation with the total score for the four other 
components has been assessed using Pearson's correlation coefficient (r). The 
details of this assessment are given in Appendix 3(ii). 

The results indicate that a positive linear relationship exists between the 
total scores that students achieved on the four Fennema-Sherman components and 
the scores obtained for attribution. For the Year 5 girls from the single-sex school 
(SS5), the Year 5 girls from the co-educotionol school (CE5©), and the Year 2 girls 
from the co-educotional school (CE26), the degree of linear relationship wos 
significant at the high level of 0.05%. For the Year 2 girls from the sir^le-sex school 
(S52), the degree of linear relationship wos significant at the 1% level. For the boys, 
the level of significance was 5% for Year 2 (CE2B) and 0.5% for Year 5 (CE5B). It 
should be noted that the critical values for a 1-tail test have been utilized in this 
analysis, based upon the directional hypothesis that students displaying a more 
positive affective profile, as represented by their total scores on the Fennema- 
Sherman components, will also display a more positive affective score for 
attribution. Such o high degree of correlotion suggests thot the inclusion of the 
attribution scores with those for the other four components to obtain a total 
affective profile score for each student, may be justified. 

When the scores for attribution are combined with those for the other 
components, the volues obtoinoble for the totol effective profile range from a 
maximum of 248 to a minimum of 52. The rar^e of scores available on each of the 
four Fennema-Sherman scales is from 12 to 60; thus, a score of 36 can be 
considered as representative of a neutral affective position. As we have seen for 
attribution, a score of 6 reflects neutrality; thus, for the total affective profile, a 

score of 150 con be considered as neutral. Any score in excess of these neutral 
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values is taken to represent a positive affective disposition; conversely, any score 
below these neutral values is taken to represent a negative affective disposition. 

It has, of course, to be recognized that the structure of this affective 
network has been defined, for the purposes of this investigation, by those five 
components considered to be of major importance, as identif ied by the previous 
research; however, to suggest that such a structure is absolute would be unwise. It 
may be, for example, that various components become more or less important when 
viewed from a socio-historical perspective. The recent pervasive advances in 
technology may have had an impact upon beliefs pertaining to the usefulness of 
mathematics, for example. 

It is important to understand the ways in which each of the affective 
components contribute to the total affective profile; thus, along with the 
quantitative analysis for the generalized affective profiles, comparisons between 
student groups were carried out for each of the affective components. 

To facilitate this quantitative analysis, a set of descriptive statistics for each 
group of students has been calculated for each affective component of the 
questionnaire and for the total affective profile scores (see Appendix 3(iii)). The 
means generated by the two Year 5 groups of female students have been compared 
and, similarly, those generated by the two Year 2 groups of female students have 
also been compared. 

Since the number of students (n) in each of these groups is suff iciently large, 
it can be assumed that the sampling distribution tends to be generally normal in 
form. This ollows, therefore, the use of the normal deviate (z) to test hypotheses 
about the population means. 
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The signif icance test used was in terms of the test statistic: 



z = Xi -X 2 - - lu) 

/ rii + 02^ / p2) 

where Xi = mean score for girls from the single-sex school. 

X 2 = mean score for girls from the co-educational school. 

|ii = population mean for girls from sirgle-sex schools. 

|i 2 = population mean for girls from co-educational schools. 

= population variance for girls from sir^le-sex schools. 

02 ^ = population variance for girls from co-educational schools. 
rii = number of girls in the sample from the sir^le-sex school. 
ri 2 = number of girls in the sample from the co-educational school. 

Source: Crawshaw and Chambers (1984, page 481) 

(Note that since the sample sizes were large enough, the sample variances were 
taken as estimates for the population variances). 

For each component a 1-tail test was used based upon the general hypotheses: 
Ho ; {it = H 2 : with regard to the learnir^ of mathematics, there is no 

difference between the affective scores for the girls educated 
in a single-sex environment and those for their female 
contemporaries who are educated in a co-educational 
environment. 

Hi : {it > H 2 ; with regard to the learnir^ of mathematics, the girls 

educated in a sir^le-sex environment have a more positive 
affective score than their female contemporaries who ore 
educated in a co-educational environment. 

In all cases, the value of z was considered for significance at the 5% level; 
however, where significance at either the 2% or 1% level ore indicated, this has been 
noted. 
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Chapter 7: Results. 



To facilitate an overview of the data obtained in this investigation, Figure 4 
shows a box and whisker plot of the total affective profile scores for each group of 
students. The distribution of the maximum and minimum scores, the medians, and 
the interquartile ranges for each group con be discerned. 

This section also contains details of the z-values for each affective 
component. Additionally, Figure 5 compri^s of a series of graphs illustrating the 
distribution of the mean scores obtained by the various student groups on each 
component. The position of these means, relative to the neutral scores of 36 for the 
Fennema-Shermon scales and 6 for the attribution component, con be discerned 
from these graphs. The means for the total affective profile scores for all groups of 
students ore in the positive rar^e, i.e. greater than 150, as can be seen from Figire 
5(vi). 

Detailed results includir^ the row data for this investigation con be found in 
Appendix 3. 
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^9 




Figure 4: A box and whisker plot of the total affective profile scores for each group of students. 




(i) Conf idence (C). 




Figure 5(i): Graph showirg the distribution of the mean scores obtained on the 
confidence scale by each group of students. 

Ho : ; with regard to the learning of mathematics, there is no 

difference between the confidence levels of the girls 
educated in a single-sex environment and those of their 
female contemporaries who are educated in a co-educational 
environment. 

Hi : pi > 1 x 2 : with regard to the learning of mathematics, the girls 

educated in a sir^le-sex environment have more confidence 
than their female contemporaries who are educated in a co- 
educational environment. 

Year 2: z = 2.271. (Since z > 2.054, Ho can be rejected at the 2% level of 

significance). 

Year 5: z = 2.550. (Since z > 2.326, Ho can be rejected at the 1% level of 

significance). 
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(ii) The usefulness of mathematics (U). 




Figure 5 (ii): Graph showir^ the distribution of the mean scores obtained on 
the usefulness of mathematics scale by each group of students. 

Ho : |Xi = ^2 : there is no difference in the perception of the usefulness of 

mathematics between the girls educated in a single-sex 
environment when compared with their female contemporaries 
who are educated in a co-educational environment. 

Hi ; p.1 > (i2. the girls educated in a single-sex environment have a more 

positive perception of the usefulness of mathematics than 
their female contemporaries who ore educated in a co- 
educational environment. 

Year 2: 2 = -0.115. (Since z < 1.645, Ho connot be rejected at the 5% level 

of significance). 

Year 5: z = 1.471. (Since z < 1.645, Ho cannot be rejected at the 5% level 

of significance). 

(A negative z-value indicates that the mean for the co-educated group is higher than 

that for the single-sex group). 




66 

68 



(Mi) Attitude toward success in mathematics (AS). 




Figure 5(iii): Graph showir^ the distribution of the mean scores obtained on 
the attitude toward success scale by each group of students. 

Ho : pi = ; there is no difference in the attitude toward success in 

mathematics between the girls educated in a single-sex 
environment when compared with their female 
contemporaries who are educated in a co-educational 
environment. 

Hi: pi > P 2 : the girls educated in a single-sex environment have a more 

positive attitude toward success in mathematics than their 
female contemporaries who are educated in a co-educational 
environment. 

Year 2: 2 = 1.287. (Since z < 1.645, Ho cannot be rejected at the 5% level 

of significance). 

Year 5: z = 0.980. (Since 2 < 1.645, Ho cannot be rejected at the 5% level 

of significance). 
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(iv) Mathematics as a male domain (M). 




Figure 5 (iv): Graph showii^ the distribution of the mean scores obtained on 
the mathematics as a male domain scale by each group of 
students. 

Ho ; pi = p2 : there is no difference in perceptions pertainir^ to 

mathematics as a male domain between the girls educated in a 
single-sex environment when compared with their female 
contemporaries who are educated in a co-educationai 
environment. 

Hi : pi >p2.' the girls educated in a single-sex environment have more 

positive perceptions pertainir^ to mathematics as a male 
domain* than their female contemporaries who are educated 
in a co-educational environment. 

Year 2: z = 2.144. (Since z > 2.054, Ho can be rejected at the 2% level of 

significance). 

Year 5: z = 2.380. (Since z > 2.326, Ho can be rejected at the 1% level of 

significance). 



♦ A tendency to reject the caidrocentric position. 



(v) Attributional style. 




Figure 5(v): 6raph showing the distribution of the mean scores obtained on the 
attribution scale by each group of students. 

Ho ; |ii = |i 2 : with regard to their successes and failures in mathematics, 

there is no difference between the attributional styles of the 
girls educated in a single-sex environment and those of their 
female contemporaries who are educated in a co-educotional 
environment. 

Hi : |ii > |ij; with regard to their successes and failures in mathematics, 

the girls educated in a single-sex environment have a more 
positive attributional Style than their female contemporaries 
who are educated in a co-educational environment. 

Year 2: z - 1.176. (Since z < 1.645, Ho cannot be rejected at the 5% level 

of significance). 

Year 5: z = 1.124. (Since z < 1.645, Ho cannot be rejected at the 5% level 

of significance). 



(vi) Total affective profile score. 




Figure 5(vi): Graph showing the distribution of the mean scores obtained on 
the total affective profile by each group of students. 

Ho : |ii = : with regard to their learning of mathematics, there is no 

difference between the affective profile scores of the girls 
educated in a single-sex environment and those of their female 
contemporaries who ore educated in a co-educational 
environment. 

Hi : |ii > |i 2 : with regard to their learning of mathematics, the girls 

educated in a sir^le-sex environment have more positive 
affective profile scores than their female contemporaries who 
ore educated in a co-educational environment. 

Year 2: z = 1.777. (Since z > 1.645, Ho can be rejected at the 5% level of 

significance). 

Year 5: z = 2.489. (Since z > 2.326, Ho can be rejected at the 1% level of 

significance). 

The findir^s outlined above indicate that, where a significant difference has 

been found, it is consistently in favour of those girls from the sir^le-sex school. 

Table 10 summarizes these f indites. 
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Table 10: Significance levels for the differences between means for the single 
sex educated girls' groups versus the co-educated girls' groups. 





Year 2 


Year 5 


Confidence 


2% 


17o 


Usefulness 


Not significant 


Not significant 


Attitude to Success 


Not significant 


Not significant 


Mole Domain 


2% 


1% 


Attribution 


Not Signif icant 


Not significant 


Total Affective Profile Score 


5% 


1% 



As a follow-up to these findir^s, a similar analysis wos carried out to compere 
the means generated by the girls' groups from the si!^le-sex school and those 
generated by the boys from the co-educational school. Once again, a z-test was 
utilized, althoi^h this time a 2-tailed analysis was made based upon the general 
hypotheses: 

Ho ; |ii = {A 2 : with regard to the learning of mathematics, there is no 

difference between the affective scores for the girls educated in 
a sir^le-sex environment and those of their mole 
contemporaries who are educated in a co-educational 
environment. 

Hi : |ii fxa: with regard to the learning of mathematics, there is a 

difference between the affective scores for the girls educated in 
o sir^le-sex environment and those of their male 
contemporaries who are educated in o co-educational setting. 

From this analysis it was found that, where a significant difference was 
apparent, it was in favour of the female groups. Table 11 summarizes the results of 
this analysis. 
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Table 11: Significance levels for the differences between means for the single- 
sex educated girls' groups versus the co-educated boys' groups. 





Year 2 


Year 5 


Confidence 


Not Significant 


Not Significant 


Usefulness 


Not significant 


Not significant 


Attitude to Success 


2% 


Not significant 


Male Domoin 


1% 


1% 


Attribution 


Not significant 


Not significant 


Total Affective Profile Score 


Not significant 


Not Significant 



Similarly, the means generated by the co-educated girls were compared with 
their male peers. Once again, a 2-tailed z-test was utilized. Table 12 summarizes the 
results of this analysis. (Detailed results of all of the z-test analyses con be found in 
Appendix 3(iv)). 

Table 12: Significance levels for the differences between means for the 
co-educated educated girls' groups versus their male peers. 





Year 2 


Year 5 


Confidence 


5% in favour of boys 


1% in favour of boys 


Usefulness 


Not significant 


1% in favour of boys 


Attitude to Success 


Not significant 


Not significant 


Male Domain 


5% in favour of girls 


Not significant 


Attribution 


2% in favour of boys 


Not signif icant 


Total Affective Profile Score 


Not significant 


Not Significant 



These analyses have been included because they give rise to some interesting 
points for discussion: however, as will become apparent from the conclusions of this 
investigation, the appropriateness of cross-gender comparisons of affective profiles 
in general is open to question. 

Patterns of Attribution. 

As will be discussed in the next section, the mean scores for this component 
only partially reveal the construction of the attribution patterns for the various 
groups of students. A clearer picture emerges when consideration is given to the 
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four attributions of ability, effort, task difficulty, and luck. Table 13 details the 
results from the questionnaire for each of these attributions. 

Table 13: Distribution of the success and failure attributions for each group 
of students. 



YEAR 2 


ssz 

w 


CE2S 

(%) 


CE2B 

(%) 


Difference 
(SS2 to CE26) 


Attribution 


SUCCESS 












Ability 


16 


14 


40 


2 


Internal/Stablc 


Effort 


53 


66 


44 


-13 


Intcrnal/Unstable 


Task Difficulty 


16 


6 


12 


10 


External/Stable 


Luck 


14 


14 


4 


0 


External/Unstable 


FAILURE 












Ability 


10 


17 


12 


-7 


Internal/Stablc 


Effort 


55 


71 


64 


-16 


Internal/Unstable 


Task Difficulty 


20 


9 


16 


11 


External/Stable 


Luck 


14 


3 


8 


11 


External/Unstable 



YEAR 5 


SS5 

(%) 


CESS 

(%) 


CE5B 

(%) 


Difference 
(SS5 to CESS) 


Attribution 


SUCCESS 












Ability 


15 


10 


18 


5 


Inter nal/Stable 


Effort 


65 


77 


64 


-12 


Intcrnal/Unstable 


Task Difficulty 


10 


3 


9 


7 


External/Stable 


Luck 


10 


10 


9 


0 


External/Unstable 


FAILURE 












Ability 


8 


19 


5 


-11 


Internal/Stablc 


Effort 


60 


71 


59 


-11 


Intcrnal/Unstable 


Task Difficulty 


30 


10 


27 


20 


External/Stable 


Luck 


3 


0 


9 


3 


External/Unstable 



The contents of this chapter represent a summation of the main results 
obtained from this study. These will be discussed in the next section. 
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Chapter 8: Discyssioft of the Fiwdmgs. 



To facilitate this discussion, consideration will initially be given to the total 
affective profile scores and then to each affective component. 

(i) The total affective profile scores. 

The data suggests that the Year 2 girls educated in a single-sex environment 
have a significantly more positive total affective profile score (x=198.92) than do 
their co-educated female peers (x=190.11), as defined by the five selected 
components. Two particular components, those of confidence and mathematics as a 
male domain, contribute significantly to this more positive profile. It should be noted 
that lower scores on the mathematics as a male domain scale indicate a greater 
acceptance of the view that the subject is androcentric in nature; thus, higher 
scores on this scale arc perceived as contributir^ positively to the affective profile. 

One unique element contained within the dota pertains to the mean score for 
the Year 2 co-educated group of girls (x=46.23) which surpasses that of their 
single-sex educated peers (x=46.02) on the usefulness of mathematics scale, 
althoL^h not significantly. On all of the other components, for both year groups, the 
mean scores for the single-sex groups are consistently higher, although, once again, 
not always significantly so. 

An interestir^ similarity exists between the results obtained from the Year 2 
students and those in Year 5. As for the your^cr students, the Year 5 girls educated 
in the single-sex environment appear to have a more positive total affective profile 
(x=203.83) than do their co-educated peers (x=191.84); additionally, the degree of 
significance is at the higher level of 1%. Once again, the major contributory 
components to this difference are those of confidence and mathematics as a male 
domain. 
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An insight into the structure of the total affective profile for each group of 
students is revealed when consideration is given to the mean scores obtained on each 
component when compared with the neutral score on each scale. The means obtained 
by the Year 2 single-sex group all fall within the positive range. This is also true for 
the Year 2 co-educated girls, except on the attribution component. The pattern for 
the Year 5 groups of girls replicates that of the younger students with the sole 
exception of a mean attribution score of 6 for the single-sex group which suggests 
neutrality. 

As can be seen from Figure 6 below, when consideration is given to the group 
meons, the degree of positivity across the five components follows the same pattern 
for all of the girls’ groups. Following attribution as the least positive component is 
confidence, then the usefulness of mathematics, attitude toward success and, 
finally, the most positive component appears to be the rejection of the view of 
mathematics as a male domain. Intercstir^ly, all but three students in the survey 
obtained positive scores on this final component: one Yeor 2 girl from the sir^le-sex 
school and two Year 5 boys. 

It should be noted that the attribution means have been scaled to allow for a 
common axis in Figure 6, whereby the minimum score of 4 on the attribution 
questions translates to a minimum score of 12 on the Fennema-Sherman scales, and a 
maximum of 8 for attribution translates to a maximum of 60 on Fennema-Sherman. 
Thus, a neutral score of 6 for attribution translates to the neutral score of 36 on 
the scales for the other four components. 
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Figure 6: Graph showitig the distribution of the mean scores obtained by each 
group of students across all affective components. 





It should be noted that caution has to be taken in interpreting this pattern, 
as it may be a result of the structure of the questionnaire. In particular, the 
different style of the attribution questions, when compared with those of the other 
four affective components, could be discriminatory. Such caution is reinforced by 
the fact that the data for the Year 2 boys' group also follows the same pattern as 
the girls' groups. It is interesting to note, however, that, for the older boys, the 
mean score on the component of mathematics as a male domain is relegated below 
those obtained on both the usefulness of mathematics and the attitude toward 
success scales. 

(ii) Mathematics as a male domain. 

It appears that beliefs concerning the androcentric nature of mathemotics 
are central to the differences in the data obtained by the various groups. For both 
age groups, the means obtained by the girls from the single-sex school were higher 
than all other groups, at the 1% level of significance, except for the Year 2 co- 
educated girls, at which the level of significance was 2%. Whilst the co-educated 
girls' groups had mean scores that were higher than their male peers, only that for 




the younger students was significantly higher, at the 5% level. Such a situation 
appears to support the view that, for girls, a single-sex environment may result in a 
more positive view of mathematics as an appropriate area of study for females. 

It has to be recognized that the classroom situation is an agent of 
socialization that includes the dynamics of gender. Spender (1982) suggests that in 
mixed classes girls submit to the learned dominance of boys. She argues that for 
these girls education tends towards indoctrination and an exercise in the art of 
Subordination. Thus, with regard to mothematics as a male domain, it is possible to 
speculate that the boys in the study, who are not so positive in regard to girls' 
participation in mathematics, may have a negative impact upon the opinions of the 
girls who share their classrooms. Such speculation is supported by the views of 
Koehler and Fennema (1982) who state that "since boys, much more than girls, 
stereotype mathematics as a male domain, they no doubt send many subtle, and not- 
so-subtle, messages that girls who achieve in mathematics are somehow less 
feminine." (page 103). 

Morrow and Morrow (1995) advocate segregation as a way of freeing girls 
from Such oppressive situotions. As Mura (1995) points out, "this argument proceeds 
from a radical feminist standpoint which analyses classroom interactions in terms of 
oppression and dominance, and aims at girls' autonomous development without 
reference to boys. It claims neither equality nor difference." (page 158). 

It was noted earlier that beliefs pertainir^ to mothematics as a male domain 
may be a function of age: as girls become more aware of their gender-role, their 
views on the suitability of pursuing the study of mathematics might diminish. The 
results from this investigation may support Such a view; the mean scores for both 
Year 5 groups of girls (SS5, x=54.53; CE56, x=51.77) are lower than those for their 
counterparts in Year 2 (SS2, x=54.98; CE26, x=52.23). Interestingly, these results 

have arisen despite the fact that the co-educated Year 5 girls are accompanied by 
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boys who hove o more positive regord for girls' porticipotion in mothemotics than do 
their Year 2 male counterparts. Such an apparent anomaly goes some way to 
repudiate the argument, espoused above, concernirg the negative influence of boys in 
mixed classes. It may be that the views of younger boys, however, do not have such a 
great influence on the younger girls, who are less aware of their gender-role. 

Despite the lower scores on the mathematics as a male domain component for 
both groups of Year 5 girls, it should be noted that the differences in the 
significance between the means for the single-sex group and the co-educated group 
is greater for these older students. Once ogain, this lends support to the view that, 
for the somple studied, the single-sex environment has been of affective benefit 
within this domain. 

It is possible to speculate that the culture of the sir^le-sex school may have 
a positive impact upon the girls' attitudes towards mathematics. There appears to 
be a constont reinforcement of the message that the students can be successful, not 
only os learners, but specif ically as female learners in all areas of study. This 
message is transmitted by the teachers, administrators, counsellors, and the many 
outside speakers who are broi^ht in with this purpose in mind: in this way, the 
single-sex settir^ appears to provide a forum for the unfettered promotion of the 
success of girls. 

In addition, good teachers of mathematics will be consistently informir^ their 
students, whether they be in co-educational or sir^le-sex classes, that they can be 
successful in the subject. Unless this message is reinforced on an individual basis, 
however, the girls in co-educational classes may interpret this as more opplicable to 
their mole peers, particularly if they subscribe to the androcentric view of the 
subject. No Such option exists for those in single-sex environments; thus, 
mathematics as a female domain is promoted. 
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Tliompson (1995) extends this argument when she states that, "in singte-sex 
environments, female students are forced to assume leadership roles and develop co- 
operative networks. They cannot 'bow out' of difficult problems leaving them to the 
boys and so have to take the lead and solve problems for themselves." (pc^e 28). 

Such a situation sends a powerful messc^e to the girls involved as it pertains to the 
expectations of their engogement in mathematics. Ernest and Boyliss (1995) point 
out that, as such expectations become internolized as student expectations, they 
have a profound effect upon mathematical self-concept and perceptions of self- 
efficacy. 

(iii) Confidence. 

The argument outlined above, pertainir^ to the significantly higher scores for 
the sir^le-sex educated girls on the component of mathematics as a male domain, 
may, at least in part, be related to their scores on the confidence component. If 
these girls, like their male contemporaries, are receiving and internalizir^ a message 
pertaining to their positive engagemenf in the study of mathematics, then an 
accompanying increase in their level of confidence may also be expected. Such a view 
appears to be supported by the data; the mean scores for the single-sex educated 
girls on the confidence component are significantly higher than those of their female 
co-educoted contemporaries, at the 2% level for the Year 2 students and at the 1% 
level for the Year 5 students. In addition, the higher confidence scores for the 
sir^le-sex educated girls are not significantly different from those of the co- 
educated boys, althoL^h, at both year levels, the boys' mean confidence scores are 
higher (SS2, x=41.45; CE2B, x=42.68; SS5, x=43.88; CE5B, x=46.09). 

The median mark of 35 for the Year 2 co-educated girls on this component is 
unique amorist the various sub-groups, in that it represents a negative affective 
score; i.e. less than 36. Only 46% of these students obtained scores within the 
neutral or positive zone of confidence. The Year 5 co-educated girls' group appears 
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to be more positive in regard to this component, with 61% gainir^ neutral or positive 
scores. All of the other groups, however, surpassed the co-educated girls: 68% of 
the Year 2 co-educoted boys, 76% of the Year 2 single-sex educated girls, 80% of 
the Year 5 single-sex educated girls, and 86% of the co-educoted boys scored in the 
neutral or positive zone for confidence. 

When consideration is given to the generalized research findings that self- 
confidence has a stror^er correlation with attainment than with any other affective 
variable, then the results obtained in this Study raise concerns with regard to this 
component for the co-educoted girls. 

(iv) The usefulness of mathematics. 

Relative to confidence, the perception of the usefulness of mathematics 
appears to be higher for all groups, and no significant differences ore apparent 
between the means for the single-sex and those for the co-educated groups of girls. 
This may have positive implications for motivation; if mathematics is valued for its 
utility, then the students may have a tendency to persevere with their work in the 
subject, and this might occur despite a lock of confidence in some students. 

A comparison of the data on the usefulness of mathematics for the two sets 
of girls' groups does not necessarily reveal the whole picture with regard to this 
component. Whilst there is not a significant difference between the single-sex girls' 
groups and the boys' groups, when the mean score for the Year 5 co-educated girls 
is compared with that for their mole peers, it is found to be significantly lower at 
the 1% level. This situation may suggest that the sir^le-sex educated girls are at 
least approaching a similar level of perception to that of their mole contemporaries 
with regard to the utility of mathematics; however, the co-educated girls continue 
to reflect the more generalized research findings which indicate that females 
report a lower perception of the usefulness of mathematics. Such a f indir^ gives 
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rise to further concerns with regard to the affective profiles of these co-educated 
girls. 

(v) Attitude toward success. 

No clear picture emerges when consideration is given to the scores obtained 
on the attitude toward success scale. One scenario moy be si^ested by a 
comparison of the girls' groups: however, this is not necessarily supported when 
consideration is given to the scores obtained by the boys' groups. 

If the girls' groups ore considered, the scores obtained on the ottitude 
toward success scale appear to challenge the theorized linkoge between this 
component and that of mathematics as a male domain. If the source of a fear of 
success is the individual's loss of her sense of femininity, then those females 
subscribing to a more androcentric view of mathemotics should theoretically have a 
more negative attitude to success within the subject. Conversely, the sirgic-sex 
educated girls, who appeor to be significantly more positive in their rejection of 
mathematics as a male domain, could be expected to surpass their co-educated 
counterparts on the attitude toward success component: however, no significant 
difference at either year level is apparent. 

This situation gives rise to an interestir^ question with regard to the 
foundotion of the belief that mathematics is a suitable area of study for females. 
Could it be that there is some conflict between on objective-based recognition thot 
mathemotics is not gender specific and the more subjective view that maybe it really 
is androcentric? Are the girls receiving mixed messages which are leadir^ to a 
degree of affective dissonance? It may be that the single-sex educated girls, in 
particular, are in a position of what Isaacson (1989) terms as double conformity, 
whereby they are faced with the dilemmo of havir^ "to conform at the same time to 
two sets of standards or expectations, where these two sets are mutually 
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inconsistent." (page 191). These expectations pertain to girls as learners of 
mathematics, in contrast to others related to their femininity. 

For the sir^le-sex educated girls, it has been speculated that the culture of 
their school relates and reinforces the view that mathematics is for them os 
females; this is the message that these girls suggest through their answers to the 
questions on the mathematics as a male domain scale. However, as Willis (1995) 
states; 



To suggest or imply that girls have a 'free (unconstrained) choice' to 
be and do anythir^, and that their 'disadvant<^e' con be overcome by 
changes in their individuol attributions or choices about mathematics 
is . . . dishonest and possibly even cruel. 

Willis (1995, page 187). 

In ottemptir^ to keep the message simple, it may have become simplistic, and 
in reolity many of the girls fail to be persuaded. Had the message been genuinely 
accepted, then an accompanying increase in the sir^le-sex educated girls' scores on 
the attitude to success scale could have been anticipated. A lack of evidence in this 
regard, however, might suggest that the girls are returning the message that, in 
reality, the choices they make cannot be devoid of the gender-imposed constraints 
that encompass them. Willis (1995) summarizes this situation when she states: 

We are quite often exasperated when we try to convince girls that 
they can be engineers and they persist in missir^ the point and asking 
who is goir^ to tuck in the baby. When we tell them they can do 
anythir^, they suspect we mean that they are expected to do 
everything. 

Willis (1995, page 188). 

The interpretation of the results given above may imply that powerful norms 
impact upon girls as gendered learners. It would be unreasonable, however, to make 
such a claim without reference to the results obtained by the boys' groups. If, as 
has been si^ested, the apparent anomaly between the sir^le-sex educated girls' 




scores on the mathematics as a male domain scale and the attitude toward success 
scale is due to their fear of a loss of femininity, then it could be expected that the 
boys' scores for attitude toward success would be higher: however, this is not the 
case. At the Year 2 level, the mean score for the single-sex educated girls is 
significantly higher than that for the boys (SS2, x=50.41; CE2B, x=46.6). No 
significant differences are evident between any other groups. 

Such f indites appear to contradict the interpretation of the results for the 
comparisons between the scores for the girls' groups. It may be that a positive 
interpretation of the girls' scores on the attitude to success scole is appropriate 
because they are at least equivalent to those of their male contemporaries, who are 
not constrained by expectations pertaining to femininity, but such an interpretation 
is one directional in nature. It may be that there are gender-specific factors, not 
revealed by the results, that act as constraints for the boys in the study; thus, a 
negative interpretation of their scores might be more appropriate. In turn, similar 
scores by the girls' groups, with the exception of those from the Year 2 single-sex 
environment, could also be viewed as negative. 

It is quite apparent that no clear interpretation of the scores obtained on 
the attitude toward success scale emerges from the analysis outlined above. Insight 
into whether or not the scores for the various groups can be viewed as relatively 
positive or negative needs to be determined. Such insight can only be soight through 
further investigation. 

(vi) Attribution. 

The attribution component makes the least positive contribution to the total 
profile of all groups of students; however, several interesting points emerge from 
the data. When consideration is given to the mean scores, those obtained by both 
groups of co-educated girls fall into the negative zone (CE2S, x=5.86; CE56, x=5.81). 

The Year 5 sir^le-sex group mean represents neutrality (x=6) and that obtained by 
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the Year 2 single-sex group falls fractionally within the positive zone (x=6.06). 

These slight increases for the single-sex groups cannot be seen as significantly 
higher than those of their co-educated peers. 

Only 14% of the Year 2 co-educated girls have positive scores on this 
component, compared with 20% of the Year 2 single-sex educated girls and, 
interestingly, 44% of the Year 2 boys. For the Year 5 students, 10% of the co- 
educated girls, 18% of the sir^le-sex educated girls, and 18% of the boys ochieved 
positive scores. 

One aspect of this data supports the more generalized research findings, in 
that the boys have surpassed both sets of girls' groups on this component. In 
porticular, when the mean score for the Year 2 boys' group is compared with that 
obtained by their female classmates, a significant difference, at the 2% level, is 
found. 

Further insight into this component is provided by the distribution of the 
success and failure attributions for each group of students, detailed earlier in Table 
13. When consideration is given to the students' attributions for success, it can be 
seen that the girls' and the boys' responses comply with the research findings, 
illustrated in Table 6. Irrespective of the environment in which they are educated, 
the mcyority of the girls cite effort as their attribution for success. This is also 
true for the boys, but they cite obility for their success in greater numbers than 
the girls, particularly at the Year 2 level. The number of girls attributir^ success to 
obility is relatively small, although there are slightly more from the single-sex 
groups at both yeor levels. By attributing their successes to effort, the girls may 
generate feelings of pride; however, they might lose out on the feelir^s of 
competence that the boys may also generate when attributing their successes to 
ability. 
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Interestingly, upon completing the questionnaire, one Year 5 girl from the 
single-sex group mode the unsolicited comment that she felt that it would be 
"conceited" to claim that one’s success was due to natural ability. Whether or not 
such a sentiment is prevalent, particularly amongst girls, despite the assurance of 
confidentiality, is open to question. If this were found to be the case, however, it 
could be indicative of the constraining nature of gender-related norms as they 
pertain to girls. This may, in turn, impact upon the data with regard to the number 
of girls prepared to cite ability as an attribution for their success. Of course, o 
similar argument could also be made on behalf of the boys. 

The high proportion of girls citing effort as their attribution for success may 
contribute positively to their affective profiles. If the students perceive their 
efforts to be typical, then future success can be expected. Similarly, if they are 
considering their effort related to specific tasks at which they have been 
successful, then they have the advantage of control; if they choose to repeat such 
an effort, then they can still expect success. 

While the slight increase in the attribution of ability for success amongst the 
girls' groups seems to favour those from the single-sex environment, the converse is 
found when consideration is given to the attribution of task difficulty. Although the 
numbers are small, an increase in the citing of this attribution can be discerned for 
both year levels of the single-sex groups. For these girls, the perception that their 
success is due to the easiness of the work may not lead to an enhancement of their 
self-esteem; thus, no positive contribution to their affective profiles could result. 
Such a situation may also be true for the boys who cite task difficulty for their 
successes at similar levels to those of their single-sex educated female peers. 

The attribution of a lack of effort to failure outcomes is substantial for all of 
the groups, particularly those of the girls from the co-educational environment. 
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Such an attribution can be considered as neutral, in that the expectancy of future 
success does not decrease. 

More of the co-educated girls cite the ability attribution for a lack of 
success, particularly in Year 5. Such an attribution may have a negative impact upon 
their affective profiles, in that feelings of ineptitude and shame can be generated, 
feelings which tend to impair motivation, and, in turn, may limit student attainment. 

While the attribution of ability to failure outcomes may discriminate against 
the co-educated girls, the higher levels of attribution of task difficulty by the 
single-sex educated girls' groups and the boys' groups may have a more positive 
impact upon their profiles. Ability differs from task difficulty in terms of its locus 
of causality: by attributir^ their lack of success to the external component of task 
difficulty, the single-sex educated girls and the boys in the study may be avoiding 
the detrimental aspect of internalizing in this situation. As Paulos (1988) states: 

Some people personolize events excessively, resisting an external 
perspective, and since numbers and an impersonal view of the world 
are intimately related, this resistance contributes to an almost willful 
innumeracy. 

Paulos (1988, page 80). 

In addition, by attributing their lack of success to imf^rsonal factors, these girls 
and boys may limit any negative impact upon their self-esteem. 

As with lack of ability, task difficulty is stable: therefore, some similar 
outcomes may be expected, particularly with regard to student motivation. As 
Kloosterman (1988) points out, “attributions to stable causes have a greater 
influence on students' motivation than do attributions to unstable causes because 
the student can expect stable causes to result in similar amounts of success or 
failure in the future." (page 346). Thus, lower motivation may be expected from 
elements of both the co-educated groups and the single-sex educated groups of 

girls, due to their respective choices of ability and task difficulty for failure 
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outcomes. For both ottributionol styles, effort cannot be called upon to overcome 
unchanging causes of failure. 

In terms of motivation, then, these different ottributionol levels for ability 
and task difficulty do not seem to favour girls from either the co-educotional or the 
single-sex environment. Nonetheless, a lock of motivation might be particularly 
detrimental to girls in general, in that the combination of environmental and learner- 
related variables, discussed earlier, may be ivorkir^ to discriminate against their 
endeavours to learn mathematics. As Hensel (1989) si^ests, “Only those females 
with high self-confidence and motivation to learn mathematics are able to withstand 
these pressures." (page 650); thus, when the co-educated girls' tendency to 
attribute failure to potentially de-motivatir^ stable causes is seen in combination 
with their lower confidence profiles, a less favourable situation emerges for these 
students. 

Summary of the Main Findings. 

In general, all of the groups in this study have obtained positive affective 
profile scores; however, the scores for the single-sex educated girls' groups appear 
to indicate that they have more positive affective dispositions with regard to their 
leornir^ of mathematics, when compared with the girls from the co-educotional 
environment. Confidence and a rejection of the view of mathematics as a male domain 
appear to be the meyor contributory components to this difference. Variation 
between the single-sex educated girls and the co-educated girls is more significant 
for the older students. 

No significant differences between the total affective profile scores are 
apparent for any of the other groups in the study, although differences do appear to 
exist on some components. Differences between the single-sex educated girls and 
the boys, favour the girls on the mathematics as a male domain component at both 

year levels and the attitude to success scale for the your^er students. 
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The co-cducotcd girls' confidence scores ore significantly lower than their 
male classmates, as they are for the scores on the usefulness of mathematics scale 
in Year 5 and for attribution in Year 2. The co-educated girls, however, do score 
higher than their male peers on the mathematics as a male domain scale. 

The degree to which each of the five components contributes to the 
affective profiles follows the same pattern for all of the girls' groups; attribution is 
the least positive, followed by confidence, the usefulness of mathematics, attitude 
toward success and, finally, a rejection of the view of mathematics as a male domain 
makes the most positive contribution. 

Results from the sir^le-sex groups may indicate that a more positive view of 
mathematics as a suitable area of study for females is linked with a higher degree of 
confidence in the subject. 

The perception of the usefulness of mathematics amongst the sir^le-sex 
educated girls approaches that of their male contemporaries; however, this is not 
the case for the older co-educated girls. 

The increased perception of mathematics as a suitable area of study amongst 
the sir^le-sex educated girls is not supported by a significant increase in their 
scores on the attitude to success component. This may indicate a degree of affective 
dissonance derived from a contrast between the messages beir^ received by these 
girls in their school environment and those being received from wider society, as 
they pertain to beliefs about mathematics as a suitable area of study for females. 
The scores for all of the girls' groups on the attitude to success component, 
however, are at least equivalent to those obtained by the boys. If, as has been 
theorized in the reseorch literature, boys are not inhibited by negative 
consequences associated with success, then from this perspective the equivalent 
scores obtained by the females could be viewed as positive. Furthermore, these 

scores do not appeor to have been affected by either the educational environment or 
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the girls’ views concerning mathematics as a male domain because there is no 
significant difference between the girls' groups. 

An interpretation of the attitude toward success scores is obscured further 
if consideration is given to the possibility that the boys' scores may have been 
adversely affected by unidentified factors that have had a negative impact. Such a 
scenario would not enable a positive interpretation of the girls' scores through their 
equivalence with those of the boys. 

No clear interpretation of the scores on the attitude toward success scale 
emerges: thus, this appears to be an area that lends itself to further investigation. 

Although no significant difference is found between the mean attribution 
scores, those obtained by the co-educoted groups of girls fall within the negative 
zone: thus, the attribution patterns that these girls are displaying may have a 
detrimental impact upon self-esteem and motivation, which, in turn, may limit 
attainment. 

For success outcomes, the positive attribution of effort is cited by most 
girls, irrespective of age or educational environment: thus, feelings of pride may be 
generated. However, more of the boys in the study attribute ability for success: 
thus, along with pride, feelings of competence may also be generated. For the girls’ 
groups, a small increase in the more positive attribution of ability, cited by those 
from the single-sex environment, may be favourable: however, a similar increase in 
the number of single-sex educated girls citing the more negative attribution of task 
difficulty as a cause for success may not result in an enhancement of their self- 
esteem, due to its external nature. 

For failure outcomes, the attribution of lack of effort is cited by most girls, 
irrespective of age or educatiorml environment. This can be considered as neutral, in 
that it does not decrease the expectancy of future success: however, the greater 
number of co-educated girls who cite a lack of ability for failure outcomes could be 
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unfavourable. The internal and stable nature of ability, when applied to a lack of 
success, can act to de-motivate, particularly when combined with lower levels of 
confidence. In contrast, a small increase in the attribution of task difficulty for 
failure outcomes, cited by the sif^le-sex educated girls, may not be as unfavourable 
as ability due to its external nature, although its stability may still act to impair 
motivation. 




90 



92 



Chapter 9: Copidusions and R®comm®wdatiogis. 

It is impossible to separate the cognitive from the affective domains 
in any activity .... The most important is that there is a cognitive 
component to every affective objective and on affective component 
to every cognitive objective. 

Maker (quoted in Ma and Kishor, 1997, po^e 26). 

The view espoused by Maker is central to this investigation, in which the results 
suggest that, for the students studied, the affective profiles of girls from the 
sir^le-sex environment appear to be more positive than those of the co-educated 
girls, as they pertain to the learning of mathematics. Similarly, the co-educated 
boys' scores surpass those of their female classmates on several affective 
components. Additionally, the scores for the single-sex educated girls are at least 
equivalent to those of the co-educated boys. These results give rise to several 
related questions. What can be learned from the results? What are the implications 
for the students in this study? How does this work relate to current thinkirg in the 
field of gender differences in mathematics? If the claims for the alignment of this 
investigation with the critical theoretic research paradigm are to be substantiated, 
how do we proceed to improve the provision of mathematics education in Bermuda, 
based upon the findings? 

Before moving on to address some of these questions, it is important to 
recognize that the results are a product of an investigation that may well have been 
subject to several methodolc^ical weaknesses. The limited choice of schools for 
comparison in Bermuda may have been of particular detriment. Furthermore, the 
importance of the variations that exist between the contextual situations from 
which the data have been drawn may have been diminished by the quantitative 
analysis that has been adopted. As Ernest (1994) points out, such an approach can 
lead to simplification and the unquestioning of assumptions. Variations between the 




91 



93 




schools may relate to such factors as student achievement, social factors pertaining 
to the students, the culture of the schools involved, selectivity bias of the parents, 
and the nature of the delivery of mathematics education in the schools. Undoubtedly, 
an attempt to incorporate controls for these factors would have strer^thened any 
claims for the validity and reliability of the data. 

Similarly, a longitudinal study would have Strengthened the data pertaining to 
patterns of affect and achievement over time. The two year groups used in this 
study are unique: thus, any suggestion that the data is representative of 
developmental charges has to be treated cautiously. 

The instrument used in this investigation and the analytical methods adopted 
for the data that it provided may also be Subject to weaknesses. The five 
components used to define the affective network have been drawn from an analysis 
of the recent research literature: however, the fallibility of such a definition is 
recognized. In addition, the integration of the attribution component with the more 
established Fennema-Sherman Attitude Scales may not necessarily provide a reliable 
measure for the total affective profiles. Reactive and central tendency errors, 
associated with Likert-type scales, are also acknowledged as weaknesses that may 
have impaired the results. 

Attempts have been taken to limit errors associated with the factors outlined 
above: however, whilst elimination is desirable, it may not necessarily have been 
feasible. 

It should to be reiterated that in global terms, the populations used for this 
investigation are very small: thus, it would be unwise to draw any generalized 
conclusions. The local significance becomes more apparent, however, when 
consideration is given to the fact that the students from the all-girls school 
represent all of the girls within their age range who are educated in a single-gender 
environment in Bermuda. 
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It has been argued, with the support of the research literature, that a more 
positive affective disposition towards mathematics leads to higher achievement in 
the subject. Unfortunately, no evidence is available at this time to substantiate this 
claim as it pertains to the students in this study. To seek such evidence would be a 
natural extension of this investigation; however, the reluctance of schools within the 
very small community of Bermuda to release results for comparative study would 
initially have to be overcome. 

Irrespective of the absence of a quantif iable analysis of the relationship 
between affect and achievement, several important conclusions can be drawn from 
the f indites. 

(0 Poor affective dispositions amongst girls cannot be viewed os beiir^ 
merely a product of their gender. 

It is clear that the quantitative analysis carried out in this investigation can 
only be viewed as a startir^ point for further study; however, it is perhaps pointing 
us in the right direction by indicating that poor affective dispositions associated 
with girls and their study of mathematics cannot be assumed to be simply a product 
of their gender. The evidence to support this claim is illustrated by the affective 
profile scores of the girls educated in a single-sex environment. Not only do these 
scores surpass those of the co-educated girls, but they are at least equivalent to 
those of the co-educated boys. If some groups of girls have positive affective 
profiles, then there has to be something beyond gender that is preventir^ other 
groups of girls from achieving similar dispositions. 
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(ii) When consideration is given to the affective profile scores of girls, the 
more positive affective disposition of the single-sex educated girls should 
become the point of reference: a deficit view of girls' affective profiles Is 
neither appropriate nor productive. 

Kaiser and Rogers (1995) suggest that much of the research into gender 
differences and mathematics carried out in the 1980s had the intention to value and 
affirm girls and girlhood but fell short. Often, differences were emphasized in a 
form that negatively compared girls to boys, women to men. In doing so, Willis (1995) 
contends that: 

We perpetuate certain ways of viewing females and males which 

undermine girls and women Male skills and attributions are seen 

as the norm against which females become the negative other — to 
become equal is to become male. 

Willis (1995, page 187). 

The results of this survey may suggest that a deficit view of girls is 
inappropriate. Where significant differences exist, the sir^le-sex educated girls in 
the survey surpass their male contemporaries, on the mathematics as a male domain 
scale in both year groups and on the attitude to success scale for Year 2. 
Furthermore, the significantly higher total affective profile scores obtained by the 
single-sex educated girls, when compared with those of the co-educated girls, 
si^gests a more positive affective disposition as it pertains to the learning of 
mathematics. In particular, greater confidence and a rejection of the view that 
mathematics is a male domain appear to be major contributory components to this 
more positive affective disposition. Such a situation may suggest that the affective 
profiles of the sirgle-sex educated girls in the survey should become the point of 
reference. Further onalysis of this disposition and its relationship with the school 
context from which it has been derived may lead to pedagogical insights that can 

improve the mathematical learning for a wider range of students. 
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Interestingly, such an approach reflects a general trend in the research being 
carried out in the field of gender and mathematics. Kaiser and Rogers (1995) st^est 
that this research is moving away from seeing women as victims or as problems in 
mathematics, to one that considers women as central to the development of 
mathematics. They further assert that pedagogical processes are in a transitional 
stage, whereby consideration is given to "the experiences of women central to their 
mathematical development, and in which emotion and reason play balanced roles." 
(page 8). Such a shift can be seen in terms of one that moves from the negative 
domain of disempowerment to one of empowerment. 

However, caution needs to be taken that such an approach does not merely 
replace one gender-specific perspective with another. Such a perspective is evident 
when methods that have been successful for some groups of boys are applied to 
some groups of girls without any adaptation to their needs and circumstances. Any 
practices arisir^ out of contemporary analysis will have to improve the study of 
mathematics for all sfudents. 

(iii) The affective profile scores of the co-educoted girls give rise to 
concern. 

It would be inappropriate to make the argument that a single-sex environment 
is alwoys best; however. Such an environment does appear to serve the your^ women 
in this Survey well, as it pertains to their mathematics-related affective profiles. 
Concerns arise with regard to those girls who are being educated in the co- 
educational environment. Undoubtedly, the question of why these girls appear to 
have a reduced level of confidence, a less positive view of mathematics as suitable 
for study by females, and a weaker affective profile in general has to be addressed. 
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(iv) The lower scores obtotned on the confidence component by the co- 
educated girls in this study moy be of particular detriment to their 
success in mathematics. Sreoter insight into the causes of these scores 
needs to be sought. 

Some of the research literature discussed earlier suggests that the 
classroom experience for co-educated girls in particular can act as an c^ent of wider 
Social expectations of them and that these impact negatively upon their confidence 
levels. It may be that such an interpretation is appropriate for the results of this 
investigation: however, it must be acknowledged that, at this time, this view is highly 
speculative because the results have been drawn from a minimal data set from only 
two schools. Thus, apparent differences could be a result of contextual differences 
other than the gender composition of the classes. 

Clearly, further investigation is required in an attempt to understand the 
causes of the lower confidence levels that are apparent amongst the co-educated 
girls. Through this understandir^, steps may be taken to enhance confidence levels, 
which would appear to be of particular importance when consideration is given to the 
conclusion of Kloosterman (1988) that this component has a stronger correlation 
with achievement than any other affective variable. In addition, if, as Walden and 
Walkerdine (1986) contend, it is necessary to possess the confidence to challenge 
the rules of mathematical discourse for real understanding to take place, then it 
important that girls reach this level of confidence, irrespective of their educational 
environment. 

(v) This investigation gives rise to a requirement of further reseorch. 

As can be seen, the results of this investigation have generated several 
questions with regard to the mathematics-related affective profiles of girls and 
their mathematics education in general. An attempt has been made to address some 

of these questions with reference to various theoretical perspectives and the 
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research findings documented in the literature; however, it is recc^nized that the 
conclusions are open to debate and contain a degree of Speculation. To facilitate 
greater understanding, therefore, further research is required. The view of 
Fennema seems particularly appropriate in this case, when she states: 

An understanding of gender and mathematics derived [only] from 
studies done from [a positivist] perspective will be limited. We will 
not deepen our understandir^ of gender and mathematics until 
scholarly efforts conducted in a positivist framework are 
complemented with scholarly efforts that utilize other perspectives 
[for example, from cognitive science and feminism]. 

(Quoted in Kaiser and Rogers, 1995, page 9). 

The results of this investigation could certainly be enhanced and extended 
throi^h such analyses. Insight into the ways in which the classroom experience 
contributes to the construction of student attitudes may be forthcoming. In 
addition, the direction in which girls' attitudes move, through the provision of a 
single-sex or a co-educational environment, requires further examination. If, as has 
been suggested, the profiles of the single-sex educated girls are held up as the 
reference point for all girls in the survey, then are we justified in concludir^ that 
the co-educational environment is having a negative impact upon girls? To draw such 
a conclusion seems to be supported by the confidence findings and much of the more 
generalized research; for example, Leder (1990b), Orenstein (1994), Campbell 
(1995), and Sodker and Sadker (1994). 

The view that the co-educational classroom can lead to affective impairment 
has serious implications for the girls in the survey who are beir^ educated in such an 
environment. An argument could be made for extendir^ the provision of single-sex 
education, at least until a more equitable situation prevails for girls in co-educational 
settings. 
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If the teachers of Bermuda can address these and related issues, then we 
may be in a stronger position to help enhance the provision of mathematics 
education. If, for example, we are able to determine what components of the sir^le- 
sex environment mointain, or generate more positive attitudes, then the lessons 
learned may be applicable within the co-educational situation. It might be that 
single-sex provision should become an option for mothematics classes in the co- 
educational schools, although the implications for the male students could not 
thereby be ignored. It has to be acknowledged, however, that current data is 
insufficient to make firm recommendations. 

Clearly, further research is required to determine whether or not the 
reduced affective profile scores of the co-educated girls are a result of the 
classroom environment, and if so to what degree. If a correlation is found, then the 
components that contribute to a detrimental situation for these girls need to be 
investigated and, more importantly, acted upon. 

It may also be inappropriate, if not impossible, to consider the role of the 
classroom experience in isolation. In attemptir^ to interpret the results of this 
study, several speculative references have been made to the possible impact that 
factors external to the classroom may have had upon the affective scores of the 
various sub-groups. This is illustrated by the apparent incongruency between the 
results on the mathematics as a male domain and the attitude toward success 
components for the sir^le-sex educated girls. Could it be that the attempts made by 
the sir^le-sex school to convince their students that mathematics is for them as 
girls has little real impact upon the contrasting messages that they are receiving 
from wider society? 

Similar questions arise when an explanation of the cross-gender results on the 
attitude towards success scale are sought. If the results contained in the Study 

were replicated in wider contexts, would it be appropriate to view the girls' scores 
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as positive, in that they are at least the equivalent of those of the boys? If so. Is 
there any evidence to si^gest that forces external to the classroom are reinforcing 
the view that success in mathematics is not in some way the antithesis of femininity? 
Further investigation may, however, produce evidence of a contrasting nature. 

Should the boys' scores on the attitude toward success scale be viewed as negative? 
If so, is there evidence to suggest that they are beir^ subjected to forces that 
undermine their affective dispositions on this component? 

These questions are posited as possible foundations for future investigation. 
Furthermore, they suggest that for a better understanding of the causes of the 
different affective profiles amongst various sub-groups, there is a need to focus on 
factors contained within the wider socio-political domain that envelop the members 
of those sub-groups. When investigations into gender and mathematics are expanded 
to include these factors, the level of complexity magnifies considerably. Every 
individual is constrained by cultural norms and values associated with gender; thus, it 
is these norms and values that have to become part of the investigation. No 
affective component, as it pertains to any sub-group, can be viewed in isolation. 

In Summary . 

It has to be accepted that affect is only one element of a complex 
environment which impacts upon gender differences; however, in attempting to 
combat the forces that result in a differential and discriminatory environment for 
girls, it is important to understand the multiple nature of any would-be solutions. 
Each environmental and learner-related variable that mediotes differential 
experiences for girls has to be identified, understood, and acted upon. 

This investigation has attempted to measure affective variables as they 
relate to the learnir^ of mathematics. An attempt has been made to discern 
differences between girls' affective scores based upon educational environment, 
single-sex and co-educotional. Most importantly, an understandii^ of any wider 
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implications that such scores have for the students involved has been sought. The 
limitations of this study, however, are acknowledged, and the interpretations of the 
results have to be viewed cautiously. 

The results seem to indicate that the single-sex environment utilized in this 
study may have a positive impact upon the girls’ affective profile scores; however, 
there may also be evidence that, like their co-educated contemporaries, they 
continue to be constrained by the cultural norms and values associated with gender. 

The conclusions that stem from this investigation give rise to several areas 
upon which the focus of further research is required if we are to address the needs 
of female students in their study of mathematics. This research should pertain to 
the investigation of the more positive affective profiles of the single-sex educated 
girls, as this may lead to gainful insights into appropriate pedagogical approaches. 
Such analysis affirms girls as central to their own mathematical development, not as 
somehow deficient. Additionally, investigation needs to be carried out into the social 
practices that envelop students as gendered learners and the ways in which these 
impact upon them in the classroom. Study from within such a socially critical 
framework may equip mathematics educators with a wider rar^e of positions from 
which to enhance learning. 

Without further research, the significance of the results of this 
investigation are limited; however, the findings have already initiated debate 
amongst the teachers of mathematics in Bermuda. This is encouraging, as it is 
through insights into what is happenir^ within our own classrooms that we can 
attempt to enhance the learning of our students. 

As teachers of mathematics, we must ensure that opportunities occur for all 
students to challenge the rules of mathematics, irrespective of the gender 
composition of the classroom. Those of us in co-educational classrooms must be 

particularly aware that such an environment may constrain girls unless we take steps 
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to alleviate this situation. Alternatively, it could be argued that the provision of 
single-sex classrooms is appropriate, althoi^h the data presented here cannot be 
viewed as conclusive. The degree to which we are successful, however, may well be 
restricted by forces external to the classroom over which we have little control. 
Thus, both approaches may be missing the real issue because they attempt only to 
improve the lot of girls within a society which is otherwise left unchanged. In this 
way, they may just help to maintain the status quo. 

Perhaps, therefore, it is time to consider a more radical approach in which 
gender issues in the wider community are explicitly confronted in the mathematics 
classroom. The inclusion of these issues within an expanded mathematics curriculum 
would help to humanize the subject and allow for wider ownership. Such a curriculum 
would help students understand how their attitudes concerning mathematics are 
socially constructed. This, as Willis (1995) states, 

. . . would enable both girls and boys to understand how they are 
positioned differently with respect to mathematics, to identify the 
processes by which gendered patterns of achievement and 
participation in mathematics are produced and naturalized, and to 
recognize the effect of these processes on their futures. 

Willis (1995, page 198). 

Throi^h such understanding, these students may become empowered to act 
upon their own positions and those of others in an attempt to combat the forces of 
inequality. 
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Appersdices: 



Appendix 1: 



STUDENT QUESTIONNAIRE. 



To the student: 

On the following 3 pages there are 50 questions 
concerning your beliefs about mathematics. 

Your answers to these questions will become part of 
a research project for the University of Exeter in the 
United Kingdom. 

Please be as honest as possible when you answer 
the questions. There is no need to put your name on 
the paper and your answers will be kept completely 
confidential. 
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PLEASE TICK ONE BOX FOR EACH 
STATEMENT. 





Strongly 

Disagree 


Disagree 


Undecided 


Agree 


Strongly 

Agree 


1 . Generally I have felt secure about attempting mathematics. 












2. 1 expect to have little use for mathematics when I get out of 
school. 












3. It would make me happy to be recognised as an excellent 
student in mathematics. 












4. 1 would expect a woman mathematician to be a masculine 
type of person. 












5. I'll need mathematics for my future work. 












6. Math has been my worst subject. 












7. Females are as good as males in mathematics. 












8. 1 don't like people to think I'm smart in math. 












9. 1 am sure I could do advanced work in mathematics. 












10. In terms of my adult life it is not important for me to do 
well in mathematics. 












11. I'd be proud to be the outstanding student in math. 












12. Mathematics is for men, arithmetic is for women. 












13. 1 study mathematics because 1 know how useful it is. 












14. Most subjects 1 can handle O.K., but 1 have a knack for 
messing up in math. 












1 5. Studying mathematics is just as appropriate for women as 
for men. 












16. It would make people like me less if 1 were a really good 
math student. 












17. 1 am sure that 1 can learn mathematics. 












18. Taking mathematics is a waste of time. 












19. I'd be happy to get top grades in mathematics. 












20. Gids who enjoy studying math are a bit peculiar. 
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Strongly 

Disagree 


Disagree 


Undecided 


Agree 


Strongly 

Agree 


21 . Knowing mathematics will help me earn a living. 












22. For some reason even though I study, math seems 
unusually hard for me. 












23. 1 would trust a woman just as much as I would trust a man 
to figure out important calculations. 












24. If I got the highest grade in math I'd prefer no one knew. 












25. 1 think I could handle more difficult mathematics. 












26. 1 see mathematics as a subject I will rarely use in my daily 
life as an adult. 












27. It would be really great to win a prize in mathematics. 












28. 1 would have more faith in the answer for a math problem 
solved by a man than a womam. 












29. Mathematics is a worthwhile and necessary subject. 












30. I'm not the type to do well in math. 












31 . Girls can do just as well as boys in mathematics. 












32. If 1 got the highest grade in math, 1 would try to hide it. 












33. 1 can get good grades in mathematics. 












34. Mathematics will not be important to me in my life's work. 












35. Being first in a mathematics competition would make me 
pleased. 












36. When a woman has to solve a math problem, it is feminine 
to ask a man for help. 












37. I'll need a firm mastery of mathematics for my future work. 












38. 1 don't think 1 could do advanced mathematics. 












39. Males are not naturally better than females in mathematics. 












40. People would think that 1 was some kind of creep if 1 got A's 
in math. 












41 . 1 have a lot of self-confidence when it comes to 
mathematics. 












42. Mathematics is of no relevance to my life. 












43. Being regarded as smart in mathematics would be a great 
thing. 












44. It's hard to believe a female could be a genius in 
mathematics. 












45. 1 will use mathematics in many ways as an adult. 












46. I'm no good in math. 












47. Women certainly are logical enough to do well in 
mathematics. 












48. Winning a prize in mathematics would make me feel 
unpleasantly conspicuous. 














104 



106 



In the following statements, tick the explanation which is most important for you. 
Tick only ONE box for each statement. 

49. If I do well in maths it is usually because: 

□ I am naturally good at it. 

□ I work very hard. 

□ I was lucky. 

□ The work is very easy. 

50. If I do badly in maths it is usually because: 

□ I am not naturally good at it. 

□ I did not work hard enough. 

□ I was unlucky. 

□ The work is too hard. 



Thank you for your help! 
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Appendix 2: Fcnnemo-Sherman Mathematics Attitude Scales. 



Weight 
1 . + 

2 . + 

3. + 

4. + 

5. + 

6 . + 

7. 

8 . 

9. 

10 

11 . - 

12 . - 



Confidence in Learning Mathematics Scale (C). 

Generally I have felt secure about attempting mathematics. 

I am sure I could do advanced work in mathematics. 

I am sure that I can learn mathematics. 

I think I could handle more difficult mathematics. 

I can get good grades in mathematics. 

I have a lot of self-confidence when it comes to mathematics. 

I'm no good in math. 

I don't think I could do advanced mathematics. 

I'm not the type to do well in math. 

For some reason even though I study, math seems unusually hard 
for me. 

Most subjects I can handle O.K., but I have a knack for messing up 
math. 

Math has been my worst subject. 



Weight 
1 . + 

2 . + 

3. + 

4. + 

5. + 

6 . + 

7. 

8 . 

9. 

10 . - 

11 . - 

12 . - 



Attitude Toward Success in Mathematics Scale (AS1. 

It would make me happy to be recognised as an excellent student 
in mathematics. 

I'd be proud to be the outstanding student in math. 

I'd be happy to get top grades in mathematics. 

It would be really great to win a prize in mathematics. 

Being first in a mathematics competition would make me pleased. 
Being regarded as smart in mathematics would be a great thing. 
Winning a prize in mathematics would make me feel unpleasantly 
conspicuous. 

People would think that I was some kind of creep if I got A's in 
math. 

If I got the highest grade in math, I would try to hide it. 

If I got the highest grade in math I'd prefer no one knew. 

It would make people like me less if I were a really good math 
student. 

I don't like people to think I'm smart in math. 
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Mathematics as a Male Domain Scale (MD). 



Weight 
1 . + 

2 . + 

3. + 

4. + 

5. + 

6 . + 

7. 

8 . 

9. 

10 . - 

11 . - 

12 . - 



Females are as good as males in mathematics. 

Studying mathematics is just as appropriate for women as for men. 

I would trust a woman just as much as I would trust a man to figure 
out important calculations. 

Girls can do just as well as boys in mathematics. 

Males are not naturally better than females in mathematics. 

Women certainly are logical enough to do well in mathematics. 

It's hard to believe a female could be a genius in mathematics. 

When a woman has to solve a math problem, it is feminine to ask a 
man for help. 

I would have more faith in the answer for a math problem solved by a 
man than a woman. 

Girls who enjoy studying math are a bit peculiar. 

Mathematics is for men, arithmetic is for women. 

I would expect a woman mathematician to be a masculine type of 
person. 



Weight 
1 . + 

2 . + 

3. + 

4. + 

5. + 

6 . + 

7. 

8 . 

9. 

10 . - 

11 . - 

12 . - 



Usefulness of Mathematics Scale (U). 



I'll need mathematics for my future work. 

I study mathematics because I know how useful it is. 

Knowing mathematics will help me earn a living. 

Mathematics is a worthwhile and necessary subject. 

I'll need a firm mastery of mathematics for my future work. 

I will use mathematics in many ways as an adult. 

Mathematics is of no relevance to my life. 

Mathematics will not be important to me in my life's work. 

I see mathematics as a subject I will rarely use in my daily life as 
an adult. 

Taking mathematics is a waste of time. 

In terms of my adult life it is not important for me to do well in 
mathematics in high school. 

I expect to have little use for mathematics when I get out of school. 



Source: Fennema and Sherman {1976, pages 21-27). 
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2 


48 


58 


58 


60 


7 


231 


3 


50 


57 


58 


55 


6 


226 


4 


42 


52 


56 


56 


6 


212 


5 


43 


45 


58 


56 


6 


208 


6 


45 


45 


54 


58 


6 


208 


7 


44 


48 


49 


60 


7 


208 


8 


53 


41 


51 


56 


7 


208 


9 


51 


45 


47 


58 


6 


207 


10 


44 


47 


55 


53 


6 


205 


11 


41 


46 


59 


49 


6 


201 


12 


38 


54 


56 


45 


6 


199 


13 


40 


39 


51 


60 ^ 


6 


196 


14 


39 


46 


50 


53 


6 


194 


15 


43 


38 


52 


52 


6 


191 


16 


34 


51 


46 


49 


6 


186 


17 


37 


46 


47 


50 


6 


186 


18 


34 


51 


48 


47 


6 


186 


19 


37 


45 


49 


49 


5 


185 


20 


36 


46 


47 


50 


6 


185 


21 


35 


40 


50 


52 


6 


183 


22 


27 


46 


49 


49 


6 


177 


23 


31 


38 


52 


50 


6 
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24 


30 


49 


45 


47 


5 


176 


25 


29 


41 


54 


47 


4 


175 


26 


35 


38 


47 


46 


6 


172 


27 


33 


40 


44 


48 


6 


171 


28 


38 


41 


39 


47 


4 


169 


29 


27 


41 


47 


47 


6 


168 


30 


22 


38 


51 


50 


4 


165 


31 


26 


36 


42 


46 


5 


155 




in 
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CE2B 














n 


C 


U 


AS 


MD 


Attribution 


TOTAL 


1 


60 


56 


52 


60 


7 


235 


2 


54 


52 


60 


60 


7 


233 


3 


49 


59 


56 


56 


6 


226 


4 


56 


55 


50 


48 


7 


216 


5 


49 


55 


51 


54 


6 


215 


6 


50 


56 


53 


48 


6 


213 


7 


51 


53 


47 


47 


7 


205 


8 


37 


53 


49 


57 


7 


203 


9 


52 


44 


46 


50 


7 


199 


10 


48 


50 


46 


47 


6 


197 


11 


48 


40 


48 


54 


6 


196 


12 


55 


47 


44 


43 


7 


196 


13 


29 


56 


52 


51 


6 


194 


14 


45 


49 


43 


48 


6 


191 


15 


42 


47 


45 


44 


7 


185 


16 


40 


45 


47 


45 


5 


182 


17 


35 


46 


48 


45 


6 


180 


18 


43 


44 


41 


45 


7 


180 


19 


28 


41 


47 


54 


6 


176 


20 


31 


41 


51 


41 


7 


171 


21 


32 


39 


32 


59 


6 


168 


22 


34 


35 


40 


37 


6 


152 


23 


42 


26 


38 


37 


7 


150 


24 


35 


32 


34 


41 


5 


147 


25 


22 


33 


45 


42 


5 


147 



CE5B 














n 


C 


U 


AS 


MD 


Attribution 


TOTAL 


1 


59 


59 


58 


59 


7 


242 


2 


55 


58 


59 


53 


8 


233 


3 


57 


48 


59 


60 


7 


231 


4 


60 


55 


59 


50 


6 


230 


5 


54 


58 


57 


55 


6 


230 


6 


60 


59 


53 


43 


7 


222 


7 


55 


55 


53 


52 


6 


221 


8 


37 


56 


59 


60 


6 


218 


9 


48 


47 


59 


48 


6 


208 


10 


46 


55 


49 


52 


6 


208 


11 


52 


51 


53 


42 


6 


204 


12 


41 


45 


57 


55 


6 


204 


13 


47 


50 


48 


47 


6 


198 


14 


42 


50 


47 


52 


6 


197 


15 


35 


58 


42 


56 


6 


197 


16 


44 


45 


52 


49 


5 


195 


17 


42 


51 


48 


46 


6 


193 


18 


32 


41 


55 


52 


6 


186 


19 


29 


37 


56 


54 


6 


182 


20 ' 


42 


46 


34 


38 


5 


165 


21 


40 


42 


40 


36 


6 


164 


22 


37 


37 


37 


36 


6 


153 
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Appendix 3(ii): Analysis of the degree of linear relationship between student 
attribution scores end their total* scores for confidence (C), 
usefulness (U), attitude to success (AS) and mathematics as a male 
domain (MD) scales using Pearson's Product Moment Correlation 
Coefficient (r). 



SS2 (cont.) 


n 


Total* (X) 


Attribution (Y) 


26 


192 


6 


27 


191 


7 


28 


190 


6 


29 


188 


6 


30 


188 


6 


31 


187 


6 


32 


186 


5 


33 


185 


7 


34 


184 


6 


35 


181 


6 


36 


179 


6 


37 


179 


6 


38 


177 


6 


39 


175 


6 


40 


172 


6 


41 


169 


6 


42 


167 


6 


43 


165 


5 


44 


163 


6 


45 


162 


6 


46 


159 


6 


47 


158 


6 


48 


157 


5 


49 


151 


5 









SS2 


n 


Total* (X) 


Attribution (Y) 


1 


230 


6 


2 


229 


6 


3 


224 


7 


4 


224 


6 


5 


222 


7 


6 


221 


7 


7 


220 


6 


8 


217 


7 


9 


215 


7 


10 


212 


6 


11 


211 


8 


12 


210 


5 


13 


210 


6 


14 


209 


4 


15 


207 


7 


16 


207 


6 


17 


206 


7 


18 


205 


6 


19 


202 


6 


20 


199 


5 


21 


196 


6 


22 


193 


6 


23 


192 


6 


24 


192 


6 


25 


192 


6 



n = 49 
Z X = 9450 
Z Y = 297 
Z XY = 57524 
ZX^= 1844042 
Z Y^ = 1823 
(Z X)=* = 89302500 
(Z Y)=' = 88209 



r= nZXY-(ZX1(ZY1 

V [( nZX' - (ZX)' X nZY" - Qyf] 

r= 0.35 (Significant at 1 %) 




113 



115 



CE2G 


n 


Total* (X) 


Attribution(Y) 


1 


225 


8 


2 


221 


6 


3 


214 


6 


4 


211 


6 


5 


210 


7 


6 


209 


7 


7 


207 


6 


8 


203 


5 


9 


201 


6 


10 


199 


7 


11 


197 


6 


12 


197 


6 


13 


195 


6 


14 


189 


6 


15 


187 


7 


16 


187 


6 


17 


186 


6 


18 


185 


6 


19 


183 


6 


20 


183 


6 


21 


180 


6 


22 


180 


6 


23 


177 


4 


24 


177 


6 


25 


174 


5 


26 


171 


6 


27 


169 


6 


28 


165 


4 


29 


164 


6 


30 


163 


5 


31 


162 


6 


32 


156 


5 


33 


154 


6 


34 


148 


4 


35 


120 


5 



n = 35 
Z X = 6449 
2 Y = 205 
i;XY = 38153 
1205551 
Zy^= 1225 
d Xf = 41589601 
(Z Y)=' = 42025 



r = 



r = 



nZXY-(ZXXZY) 

V [( nZX" - (ZXf )( nZY" - (ZY)")] 

0.587 (Significant at 0.05%) 
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SS5 


n 


Total* (X) 


Attribution (Y) 


1 


230 


7 


2 


229 


6 


3 


228 


6 


4 


225 


7 


5 


221 


6 


6 


219 


6 


7 


218 


6 


8 


217 


6 


9 


216 


7 


10 


209 


7 


11 


206 


6 


12 


204 


6 


13 


204 


6 


14 


203 


7 


15 


202 


6 


16 


202 


6 


17 


202 


6 


18 


199 


6 


19 


198 


6 


20 


196 


7 


21 


195 


6 


22 


194 


6 


23 


193 


6 


24 


192 


6 


25 


191 


6 


26 


191 


6 


27 


191 


7 


28 


190 


6 


29 


190 


6 


30 


189 


6 


31 


178 


6 


32 


177 


4 


33 


177 


6 


34 


175 


6 


35 


173 


6 


36 


169 


4 


37 


165 


5 


38 


164 


5 


39 


159 


5 


40 


150 


6 



n =40 
2 X = 7831 
i; Y = 240 
I XY = 47276 
i;X^= 1548709 
i; Y*= 1458 
(2 X)=* = 61324561 
(2 Y)=* = 57600 



r= nIXY-(ZX)(ry) 

V [( nZX' - (ZXf )( nZY' - (ZY)')] 

r = 0.547 (Significant at 0.05%) 
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CE5G 


n 


Total* (X) 


Attribution (Y) 


1 


231 


6 


2 


224 


7 


3 


220 


6 


4 


206 


6 


5 


202 


6 


6 


202 


6 


7 


201 


7 


8 


201 


6 


9 


201 


7 


10 


199 


6 


11 


195 


6 


12 


193 


6 


13 


190 


6 


14 


188 


6 


15 


185 


6 


16 


180 


6 


17 


180 


6 


18 


180 


6 


19 


180 


5 


20 


179 


6 


21 


177 


6 


22 


171 


4 


23 


171 


5 


24 


171 


6 


25 


171 


6 


26 


166 


6 


27 


165 


4 


28 


165 


6 


29 


162 


6 


30 


161 


4 


31 


150 


5 



n = 31 
E X = 5767 
Z Y= 180 
E XY = 32485 
EX^= 1084333 
E Y== 1062 
(E X)=* = 33258289 
(E Y)=* = 32400 



r= nEXY-(IX)(EY) 

V [( nEX" - (EX)")( nEY" - (ZY)")] 



r = 0.562 



(Significant at 0.05%) 
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CE2B 


n 


Totai* (X) 


Attribution (Y) 


1 


228 


7 


2 


226 


7 


3 


220 


6 


4 


209 


7 


5 


209 


6 


6 


207 


6 


7 


198 


7 


8 


196 


7 


9 


192 


7 


10 


191 


6 


11 


190 


6 


12 


189 


7 


13 


188 


6 


14 


185 


6 


15 


178 


7 


16 


177 


5 


17 


174 


6 


18 


173 


7 


19 


170 


6 


20 


164 


7 


21 


162 


6 


22 


146 


6 


23 


143 


7 


24 


142 


5 


25 


142 


5 



CE5B 


n 


Totai* (X) 


Attribution (Y) 


1 


235 


7 


2 


225 


8 


3 


224 


7 


4 


224 


6 


5 


224 


6 


6 


215 


6 


7 


215 


7 


8 


212 


6 


9 


202 


6 


10 


202 


6 


11 


198 


6 


12 


198 


6 


13 


192 


6 


14 


191 


6 


15 


191 


6 


16 


190 


5 


17 


187 


6 


18 


180 


6 


19 


176 


6 


20 


160 


5 


21 


158 


6 


22 


147 


6 



n = 25 
Z X = 4599 
ZY = 158 
S XY = 29229 
ZX^ = 861377 
ZY=* = 1010 
(Z X)^ = 21150801 
(Z Y)^ = 24964 



r= nZXY-(ZX)(SY) 

V [( nSX^ - (SXf ) ( nSY^ - (SY)")] 

r = 0.39 (Significant at 5%) 



n = 22 
Z X = 4346 
ZY = 135 
Z XY = 26850 
Z X=* = 870232 
Z Y^ = 837 
(ZX)== 18887716 
(Z Y)^= 18225 



r= nZXY-(ZXXZY) 

V [( nZX" - (ZX)')( nZY" - (ZY)")] 

r = 0.572 (Significant at 0.5%) 
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Appendix 3(iii): Descriptive Statistics. 



SS2 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


41.45 


46.02 


50.41 


54.98 


6.06 


198.92 


Median 


42 


47 


51 


56 


6 


198 


Mode 


51 


55 


60 


60 


6 


198 


Standard Deviation 


9.18 


8.41 


6.58 


4.85 


0.69 ^ 


21.44 


Variance 


84.29 


70.81 


43.29 


23.56 


0.48 


459.49 


Range 


34 


32 


24 


21 


4 


80 


Minimum 


24 


27 


36 


39 


4 


156 


Maximum 


58 


59 


60 


60 


8 


236 


Sum 


2031 


2255 


2470 


2694 


297 


9747 


Count 


49 


49 


49 


49 


49 


49 



CE2G 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


37.17 


46.23 


48.63 


52.23 


5.86 


190.11 


Median 


35 


46 


49 


54 


6 


191 


Mode 


32 


56 


56 


59 


6 


217 


Standard Deviation 


8 


8.05 


6 


6.39 


0.85 ' 


23.05 


Variance 


63.97 


64.83 


36.01 


40.77 


0.71 


531.22 


Range 


33 


34 


26 


27 


4 


108 


Minimum 


21 


23 


34 


33 


4 


125 


Maximum 


54 


57 


60 


60 


8 


233 


Sum 


1301 


1618 


1702 


1828 


205 


6654 


Count 


35 


35 


35 


35 


35 


35 



SS5 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


43.88 


47.58 


51.85 


54.53 


6 


203.83 


Median 


46 


48 


52.5 


55 


6 


204 


Mode 


47 


49 


56 


60 


6 


212 


Standard Deviation 


10.02 


7.28 


4.73 


4.83 


0.68 


20.28 


Variance 


100.32 


53.07 


22.34 


23.33 


0.46 


411.43 


Range 


36 


27 


17 


19 


3 


81 


Minimum 


24 


31 


43 


41 


4 


158 


Maximum 


60 


58 


60 


60 


7 


239 


Sum 


1755 


1903 


2074 


2181 


240 


8153 


Count 


40 


40 


40 


40 


40 


40 
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CE5G 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


38.32 


45.26 


50.68 


51.77 


5.81 


191.84 


Median 


38 


45 


50 


50 


6 


186 


Mode 


43 


46 


47 


47 


6 


208 


Standard Deviation 


8.32 ^ 


5.98 


5.21 


4.83 


0.75 


20 


Variance 


69.23 


35.8 


27.09 


23.31 


0.56 


399.87 


Range 


34 


22 


21 


15 


3 


82 


Minimum 


22 


36 


39 


45 


4 


155 


Maximum 


56 


58 


60 


60 


7 


237 


Sum 


1188 


1403 


1571 


1605 


180 


5947 


Count 


31 


31 


31 


31 


31 


31 



CE2B 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


42.68 


46.16 


46.6 


48.52 


6.32 


190.28 


Median 


43 


47 


47 


48 


6 


194 


Mode 


49 


56 


47 


48 


7 


196 


Standard Deviation 


10.05 


8.71 


6.37 


6.81 


0.69 


25.56 


Variance 


100.98 


75.89 


40.58 


46.43 


0.48 


653.46 


Range 


38 


33 


28 


23 


2 


88 


Minimum 


22 


26 


32 


37 


5 


147 


Maximum 


60 


59 


60 


60 


7 


235 


Sum 


1067 


1154 


1165 


1213 


158 


4757 


Count 


25 


25 


25 


25 


25 


25 



CE5B 


c 


u 


AS 


MD 


Attribution 


TOTAL 
















Mean 


46.09 


50.14 


51.55 


49.77 


6.14 


203.68 


Median 


45 


50.5 


53 


52 


6 


204 


Mode 


42 


58 


59 


52 


6 


230 


Standard Deviation 


9.33 


7 


7.6 


7.19 


0.64 


23.97 


Variance 


87.13 


48.98 


57.78 


51.71 


0.41 


574.8 


Range 


31 


22 


25 


24 


3 


89 


Minimum 


29 


37 


34 


36 


5 


153 


Maximum 


60 


59 


59 


60 


8 


242 


Sum 


1014 


1103 


1134 


1095 


135 


4481 


Count 


22 


22 


22 


22 


22 


22 




119 



123 






K> 

O 



N 



ro 



CO 



CO 



CO 



CO 



CO 



CO 



CO 



at 



o> 



(O 



N 

I 

H 

CD 

r\- 

t 

I 

0> 

3 

*o 

CD 



O 



o 



rsj 



Ul 



N 



|NJ 



CO 



00 



H 

CD 



i* 

s 

fiO 

3 

CD 



O 



o 




Appendix 3 (iv): z-tests for hypotheses pertaining to the population means. 
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z-Test: Two-Sample for Means 
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